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Tim fiiwaXik rocloi xm^wmmmat « th iek ••quaae* «f qppMr* 
TttrtlAry Midl«Biits •MpoamA a l l aXong tiM Ittai layia t«0fe<-lllUs 
bftttNMm Indus in the wwit wnd th« AruBaclial i a t t e €HW%« 
TIM roOui o£f*r •«c« l l«Dt ei^portuiilty for stiMllag tltai mneUmt 
8*dinMMBt«ry pffoc«s8 and products* Ths S i w s i l k rocks s r o 
r«9ardsd very iniportaat for ths ir vortslarsts f o s s i l contsats 
and a l o t of work has bawn doom oo tlw palaaonloglcal aqpacts* 
ho«fever# a ci^iplate sadinentatlon nodal which dif inas a l l 
tha paraiaeters of tha sadimentation such as stratigraphic 
aaquanca* prinaary sadiioeiitary structuras* taxtural paraaMtars 
and palaaocurrant pattarn ia wanting. 
Tha praaant invaatigation i s an attaapt to maka a 
intigratad f la id, patrographic and palaaocurract atudias ia 
a aaall araa in Jasraai with a viaw t o dataraina tha 
palaaocurrant pattams« patrography« proir«M»ca aa^ dapoaiti<Mial 
aanrironnaot of tlia Siwalik rocks* 
AMCA or BTixnr*- Tha stud^ araa« approaclaMitoiy 12S aq* his** 
ia s i taatad ia tha aorthaast eC Kathgedaa ia Naiaital d iatr iat 
9i Ottar ffradash* I t l iaa toatwaaa Hocth latitiadaa 7f^2«'iS" 
aad 7f* St* 3"i Bast loagitadas 2f* ii« aad at* 16* 4" faUa 
withia tha fturvay of Ihdia 3 «a • 1 te tapographlaal 
U 
a « 
aeofB IV tm wow— thm arM vM r«a«pp«d g»ologieaJLl.y 
bar th* author aa 2 en • 1 km scale and four atratlgsapliie 
aactlona %fax« ntaaurad. Tha lithology* primary sadlaaiitary 
strueturaa war* earaf m i y atudlad and an attaapt has baaa 
mada t o avalttata those sodireentologieal attrlbataa In 
tanas of anyironmant of deposition. 
A petrographic study based on 40 thin sections of 
sandstones was nMide. I t includes the determination of taxtural 
paraffleters* moddl composition and heavy mineral characteristics* 
Thin sections of shales were not studied because the data 
obtained from their f i e ld study were considered adequate* 
A systematic palaeocurrent study of Siwalik rocks was 
made with t l ^ help of directional sedimentary structures such 
as cross-s trat i f icat ions and parting l ineat ions . A tota l of 
1023 readings ware taken for th i s pttrposa. Tha naan currant 
diractioB at each l o c a l i t i e s was coB|>utad« 
Qu liM taaals o£ above studies i t has b—n jiossibla to 
loeata umA anraluata the prcnraaaiiee v h i ^ aiq^ltad the datritna 
to th i s part of tlia Siwalik basia. Tha data olvtaiaad fxoai f l o l 4 
and laiMMmtoscy inraatigatioas ware uai^ to davalopa an sgipcupria^o 
•odMil for tlM Siwalik sadioMuits t o ajqplaia the Tarious 
f aatuxoa of tlia Siwalik rocks* 
flM MTlitor ^laaka t o fir* 9«d. ttwcSMal* locrtucor i s 
S»«togy« lai iMm mmaim 9lil;roroity« m.im^ f • l i p i H a i 
- I • 
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Naay tlMiUui •£« •xtaadad to Pcof«s«or ••N* Mama* llaad* 
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mtGLoar or TUB MIBJ^ 
In th« area under i n v e s t i ^ t Ion the Slw«likB occur at 
th« f o o t - ^ i l l s of Himalayas having roughly aast-»tfast trend. 
The Siwalik rocks have hm«a c l a s s i f i ed into three formationa 
Lower* Middle and Ujpper jSahni and Mathur, 19tt4; ^haudhari, 19 71; 
Manda and Tondon* 1977/ Karunakaran and Hanga itao* 1979 )• The 
area of study* however* conprised of X*ower and Middle 8i%ralik 
Formations only (Table-I). The sandstone constitute the najor 
portion of the Siwalik sediments with subordinate Shales, clays* 
I 
mudstones and siltstones. At places* lenses of lignite and 
conglomerate are also noteworthy. 
Siwalik seq\ience exposed in the study area exhibits 
general coarsening of the sediments upward* however* there are 
number of cycles within each fonration which begin with coarse 
graAned sediments and ends with the fines. The contacts between 
the two formations are usually gradational. The Siwalik Oxovip 
o£ rocks in the study area is broadly divided into two 
formations (Table-Z) based on distinct lithological characters 
and primary sedimentary structures. 
LOMER SIWALIK YORM^IOII.- The Lower Siwalik sediments skirt 
nearly all along the southern boaadary in the study area (Fi^.l). 
Tbm lower conti^t of this formation is always eofvered under 
allurita. The total thickness of the Lower Siwalik F^ ormation 
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• i . 
•ad ftwifife Bm» (if79)« homvmrt duriiig tlw pcva^nt iav^stigitioii 
«Aly 1100 • tlilek Aiwalik sadiAMits «oia4 Iw aMsuiwd in t l » 
OQla itivMr s«ctioii (Fig. 2A). Y I M two •tz«tlgriiphie«l ••qnmwtts 
(Yigs. 2A acMl 1) amuituMdt show th« abimdaiic* of f io * el«stia» 
in tlMi IioiMr Siifttllk FcMrmitioii* ThU formtion coosista o< 
claystomi^ siltstiNWS uid f i a * gr«iiMMl •an^tsntts (Pl«t«-X«rig«l) , 
Th« X«ofw«r Siwaiik rocnatlon is b«st dav«lop«d in the Oola 
riir«r and Sultansagrl sactions (Yigs 2^ am! B) whare over 
1100 and SM m atrata ara axpoaad rMipactivaly* 
450 m from tha baaa In the Gola r iver aaction^ the 
romation ia comprlaad of cftaya and a i l t a . Hig^tar up in ttia 
aaqtiaaca, tha percentage of the aai^ aise omterial incraaaaa. 
l l i ia part of tha Lower Siwalik Fomation ia narked 1 ^ the 
praaaaca of fsaquwat intaxcalationa of f ine graiaad« gray 
c^easad* hard* compact wid highly indumtad aandatc^Mi* She 
thiflkaaaa of iadtviaaal aaadatoea intar<ealationa ranges batwaaa 
a to S « • (ftata»X« F ig .a ) . Slia aaadatoaa IntaceaXationa ahow 
traqaaat daraloipaaat of partiag-liaaatioBa oa i t a taaddlag 
aturfaoaa. Tha fraqaaacy aa wall aa thlekaaaa of tha iatavealatad 
aaadatonaa inecaaaaa apward and the thlekaaaa of tha arglllaeaoaa 
latarealatioaa 4ecraaaaa. Thaaa charactara eai«>era wall 
with tha cdwcactara davalapad ia the imtira aactioe anuittradi 
a t Saltaaaagri. Zn tha uppar part tha aaadatoaa hada ahow 
tiM aaciaaional daireiapMiBt of plaacur-^Magaaaiatratif icatiaa 


riQUm m 1 t Oiil«f«p •hMdLnB • I t t t fu i t iMis of ft i t* g n i i w ^ S M K 
twMt S i w U k fomatiofiy Sola f iv«r • M l i w i 
rXGUAe • 2 t Ottterap •howing • fmqM**tt intot««i«Uofia of fifio fffolMNl 
gvoy eolourod hordt oeoooet ond highly Indutotod osfidotowo 
into elaya and a i l ta* 
teoor SlwaUH foiooUofiv Sultarmagvl, 
rXGURC • I I Outcrop ohoodng dtafmal/iandboittaat Juat abova tha 
clayt/auda* Noia tha fvat|tian% altamation of clay^»yda 
and ailtatona bo low ^ o ohaimal aand body* 
Middla Siwalik ForaaUoni Gola rivar &»etltm Ranibagh« 
riGURC • 4 t Croao»aaotional vio« of a Channal «. aancttioc^ ahottdng 
aroolonal baaad eontaot aith Vtxm undarlyii^ clayi/oMda* 
t^ititli9 Hmlik fommHmn^ 39mrmni, 
FIGURE • S t Blow «io of Iho booo of oondoteno bod ahowlng plaoically 
dafonod ondotofio/olayoiofio pobbloo* 
n iddU i i vaUb f o i M U M i t l o U o Modi* Oogoen. 
rieanc • $ t Oulciop wi a aaa&iM p«bkly iOfidotofiOw 
niddio ttooUlt foMottoiit Goior l i vor oooUoiit RonibaBlit 
• • • •» 
(n«««*SS« yi«»&K Vh* thielmass of tiM er0«»-«titttifl«A 
units jmig* tvom 5 t o SO em.Apart from this* parting l iaeat ion 
i s also dirr«l«ia« on tha autiEaxTaa of thin baddad sandatcme* 
Tha i^ ppar contact of tha Loi^ms Siwalik yonattion with tlia 
Middla Siwalik Formation i s ^radational. 
MIDDLE SIWALIK FORMPkTiON.- The Middla Siwalik Forowtion trands 
roughly aast«%«ast forming ie«o m thick sadiments (Karunakaran 
and Ranga ilao» 1979) in the atudy araa. In contirast to the 
Lower Siwalik Formation* the Middle Siwalik sediments arc 
coarse grained and essent ia l ly made up of sandstone, with 
occasional pebbly intercalatidns. The lateral facies change' 
along the strike i s very characteristic in the Middle Siwalik 
Formation* with the freqtwnt devel^roent of trough type 
cros8«>stratif iad units ( f l a t a - n * Figs. 2 h 1 ) . 
Tha stratigraphic sections* measured at Jamrani* Dogaon 
and in tha Oola river* ravaal that the lower part of tha 
Middla t iwalik F«c«fttion eonatituta thiek baddad sandstona 
witli WAMHOK &at«K«latioas of elaystones* mudstonas* shales 
a a i c^^gg««Ba(g 0g^^ j g ) , ^^ l^^^j^ P^i^ af l»61wi santtotonas 
i s paitoly and psfliHia are f a ^ x a l l y of clay and anad moA, l«ok 
l i k e p l*a t iMl ly 4aformad anistona pa l l e t s (nata.X*Fif»S>. 
nia pfeihiaa axa itgm^ m cm im I m f t h . Tlia thieknaas of tha 
ind^idtesl aaadstooa kads sattgasfrooi two to sanraral swtcaa 
whie^ tm^mutm t o Hi aluMit I t m and ara mainly eroaa*. t t r a t i f ia4* 
- 1 • 
lNifc# OB thin amA f i«t hadB p»rtlaf UmmmtimM tm 
tetwMB SS «iid S09 «• Thm p«Mbltts ajw of quarts* •amdmtemmt 
maiSmtmm/^mymtmm «nd iMiilst* Tlitt mammtvm MuidtotcMM is 
oeeassionsily latsxeslstsd with nsadstoos* 
H I S ^np•r aost prnxH of tbs Middis ftlwillk FonastioB 
is wsll sjipossd in JsiKr«Bi ssd Dogsraci ssctioas (Vigs 2 C 4 D )• 
XB th is portion tlis fltisnasX saadstons ars vsry eott^pieiMHas* 
Two riTsr chsnnsls at Dogaon and eight at Janurani iMira 
^bssrrsd in tho ssctions aaasiaxsd (figs 2 C 4 D) . Hsarly* 
a l l tha largs sasd toodiss ara charaetaristieally lsas-4rtiapsd 
in exoss-ssetionsl vlsw (Plat»-I« r igs 3 4 4 ) . flisss saad 
bodiss or eluuuwls oidiibit ocosiosal basal eontaets with 
ths wi<lsrlyiiig days sad Muds sad grsds upward sad also 
la tora l ly iato silty-casyoy owfcorial* tlia hoM of ths d iawol 
OKO piAMiy sad grsia sjUM to tlMi cilisnwsii docnsosMW 
^poasBS* *as osanaBs sosaoasaos aso ocanN* 
s%jca%iif iod aad idMi olMPStsai^iaadafesaa ysMAos asa ss i^ottto l^ 
slsag tlia fsvssots* OeeassisBsUy* a t tlia 
a foa i i s s s of l i f a i t i s /ooa ly aoioriol sco o&ao aotod* 
«hs M M I o •iiasXik • a d t i a t o hairo tiunistod ooaitaet with 
t i n 9amJifmUmimm im tlai 
i a tihs otaitof tfloo tM ^iia 
« 6 • 
saiiouitoii* ov«r the shatly voA elaysy units* tog»th«r wltb 
gradual coar»i»nln9 ot th«s« ••dimantA vtpxmxximm 
miK BCUMiARy FAULSTAii^ i' THRUST.- Th» Main Boumiftry JTault/ 
KxoJL VVixus^ t dftia-siitb tlie •i^ iwaliicb ££u:ii th& Pi:ii*7«rtl«ri6S* 
Thit term *Mein Boundary Feiilt' ^aa i u l t i a l l y aft«iQnat«d 1^ 
l4i»(Uicoti; ilkiio4) to tihe f«ult»d Junction btitvoen :^Xv.«d.4.k «ad 
tlitt i4urie««-Qh«nas«X« bsds ot Jaiaau-Hlmachai VradBah. .^toca 
than i t was ycnarally bellaved thet Main boundar'^  i^'auit 
for.aa tha northam bound&ry of the siweiika against Pra-
Tertiary a l l along tha Hlraalayan foo t -h i l l * . Racantly tha 
OMOC workara, Valdiya (1978) and Acharya e t . a l . (1979) disfavour 
th is viaw md arc of tha opinion that a sarias of mora or 
lass parallal faults branch outt from th is frontal outcrop 
of BO callad NsiA Bwiaary Vault. According t o Vnldiyn 
(IfTd) •• * Ik fow Icilonstara southaast of Marlpiir on tbs 
l^ MMBa tiba Main •ouMtery raitlt i s or«rii|;)|»«d and hidten by 
tha highor Krol TCurast so that throughout tha rast of Iffnow 
i t ia tlw Xvsl ThJCttSt that dnf inas tha bomdary hatwoon tlm 
s i w a i k «nd tho various lithoilogieal unita of tho mxd Hoppo". 
Tharaf oro« in the prasant araa tha Kroai Thrust sopamta t l » 
Middlo aiwslik Fomatlon frosi tlis Pira-ffortlnrias in t t e 
aorth (n«» IK 
- f -
Ths Krol Thrust has a MW - SB tx«iMl and •acposad about 
800 a tpwarda north at tha Jaiaarani and furthar on the r ig^t 
bank of tha r lvar s ec t ion about 8 lea i^stream of the Oola 
r i v e r from Jamrani. The thrust dip^ about 40*45^ towards northeast . 
X few kilometers northwest c^ Jwurani^ HW •> S£ trending thrust 
shows KW trend i;^to Ranibagh and i t s dip renvaln tlie aurcm towards 
north• From Ranibagh t o Uogaon again thrust trends t o NW-SI 
d i rec t ion and dips towards northeast* 
Structura l ly , the Siwalik rocks of tlie area do not show 
©ny s ign of clisturbence by the so c a l l e d ICrol Thrust, Ttie 
primary sedir^icntary features sre well preserved. The only 
s tructural f e a t u r e noted in the area of inves t i ga t ion i s 
the general high dips of s t ra ta and a swing of the s t r i k e 
making a sausor shape towards the north* at and east -west 
of Kathogodan. ^ a r t from this« severa l Jo ints were a l s o noted* 
C3iapt«r • IZS 
SEDUffRTAAY StRlCTURES 
A Tarl^ty o£ ••dltatntary •tructur«8 h«v« b«Mi £«cor<l»d 
and studied t o determine the: paleeocurrent pattern* and interpret* 
them in terme of envit.onRient of depos i t ion in the study area, fii 
ttMB present study* the gxeater a t t ent ion has been paid t o the 
d irec t iona l s tructures such &b c r o s s - s t r a t i f i c a t i o n s * part ing 
l i n e a t i o n s and channel sand bodies* Other s tructures present 
are r i i ^ l e marks and load c a s t s . 
According t o Mckee and Weir (1953, p . 383j "Cross-
s t r a t i f i c a t i o n Is the arrangetwnt of layt»rs ac one a or ;iK>re 
angles t o the or ig ina l dip of formation" end a c r o s e - s t r e t i f l e d 
unit as "one with lay&rs deposited at an engle t o or ig ina l dip 
of the foroat ion". Xn the geo log ica l l i t era ture* the synonymous 
terms used for e r o e s - s t r a t i f i o a t i o n are cross-lsedding* curreat -
bwSdlBg* fa lse-bedding a i ^ dlafonaI<4aediding« This s tructure has 
at ta ined greater a t t en t ion o£ aadioMtatologists as compared 
t o t^ie otlMur sadlsMMntary atmetiara* A great ^WMI of l l taratwra 
i s av'ailable on i t a signifieaii6a# or ig in and c l a s s i f i c a t i o n 
(ftortoy* I fS f i OUbert , 18991 Anderson* 193 If Lahea* 19S2| Kckae 
and Waijr* 19S3f MaOowall* 19S7| Mekaa* 19S7| 9 » U « t i e r * 19S8| 
Mtt i john* i9«2i Allan* 19»3i 1963(a)* 19«i(b)f Je l l ing* I t iS f 
wmtmr and MttiJ«te« i9<Si MiUina and itiaat« 1»<9 and Harm at.al.« 
Wf§U 

PLATE • It 
riGURC • 1 I Plmtmt •t««»»«tr«Ufie«Uon in fin« to naciiu* gi«&n«il 
••nd«%ofHi« 
Immw SitttaUtc fonaUMit Kaihgodaa, 
riGUfC m 2 t 03-ow up of • aafidctofi* bad nhOMifiti trough typt e«o«a» 
•IWfttfieatjLon on th« bidding iuff»o«(«l3 plana). 
niddla SiofaUk rornaUon* Hanibagh* 
rXGURC • 3 t Trough erooa»atiatifleaUon in aadium to eoaraa grainad 
sandatona* 
Hiddla Siwalik Focin»tion« Boad Cutting, Ranibagh-Antltpur 
Road, Ranibagh* 
flGU^ • 4 s Sysffiatrical ripple marks shouting diaconUnuoua and gantly 
ourvad orast pattam, 
totaar Sinaiik Foraationt SW of ftanibagh, 
riGUHE • 5 I Trough croaa»8tratifiea%ion» Hota the oriantation of 
pabblaa along the fofftaat of tha croaa-atratifieation* 
Hiddla SiwaUk for»ati0n Gola civar aaeUon, Kanibagh* 
FIGURE » 6 t OyteVip ahotning partir^} lineation on tha top of fina 
gtailNid and thin baildad aandatona, 
Lmmw ttvoUb FeiMiUwit &ola t&vat MMUon* Katiigoi 
Cwom i t t w t i f i o t i o n M tli« mmt commtm tn»« «< 
U frwnMBtly a»v«l«i>«4 la tH* M14dl« Siwil lk rorwition* 
Hoitmnr, I t i s occ««sioii«Xiy obMnr«d only at four loea l i t iA** 
in the UMwr Siwalik ForiMition. 
Two types of cros«<»«tJCati£ic«tioashav« IMMQ idantif l«d 
a«p«nding upon the character of the lower bounding surface of 
the set of cros s^tra te (Molc^ e and welx* 19S3). 
PLANAR CROSS sTRAi IF ICM icxf • ^  Planar cross-s trat i f ication urttose 
lower bounding surface i s planar surface of erosion* occurs 
in set as well as in cosets (Plate-ZZ« F i g . i ) , ia generally 
developed into iKswer Siwalik sandstcnes. Hcwever« i t i s not 
uncc^ HBon in the l<Mfer part of the Middle Siwalik Por^aatioik* 
The s ignif icant feature of t h i s structure i s i t s oecurraiice 
in the channel sandstones just above the trough eross*strat i f led 
ttcits. 
TROUGH CROfiSoSTftATzriCATzoH.'* Trough cross s trat i f ieatiott ««MMI 
lower boimdiag s«irface i s a curved surface of enMioa* U 
f requantly observed in the Middle Siwalik sandstones eeourriag 
in se t «« well as in cosets (Flete»ZX, r i g s . 3 ft ) }• This 
structure i» cooMon ia the basal part of the ^l^agmml saad 
bodies. The potables of various compos i t ion are oriMited 
•long the fcMreset of the oorss«etratif ioation <i!let«-lX«yig»S). 
fiw «»ow««tctttifiCMitioMi rui9* tMom mmll seal* t o 
flMidliM seal* (MBleM «id iMilr« l9Si« p . 9M)* Th« thic)ca*M 
of tiM iadividiMl eross-Mitxvtif lad wait saa^a^botiNMii 4 eai t o t «• 
TiMi iBCllBation oC ero8s<»atrat« variaa from 4* t o 37^. 
Tha lael iaatlon a£ eross^atcata ara gaoaiaUy coaeontratad 
within 10^ t o 20^« which axhibit that thaaa ara tonmA a<^b»ayoualy 
(MBlcaa« lf40« 1947f PattiJoh&« 19S7| 9alieti«r« 19S8| Farkaa* 
19«0| Nelri4» and Haapaa, 1942). fiowavar, tha diet inctlon toatwaoB 
aul>-aof>ioua and Msolian croaa-atxata en the baaia of incXiaation 
of foraaats alona ia not aatabliahad Vmyond doubt (Wright* 
1956| YaakaX* 1962 )• Othar avidencea such as the atuaXl jcala 
of tha eroaa->atJtata« aaaoclatad primary structiiraa Ilka 
ayanatrical ripplaa and channala (Pl«ta-2, Figs. 3 6*4t PlAta«>2Z« 
Fig.4) adroeata that tha eroaa-atxata in tha atudy araa %Mira 
toKomA aiibaqiooiialy. 
MOVBIO UttMrXOH 
Aacbar ( l*t9) was tiM f irat to daaeriba thia atxttctsva 
aad QomUvtBrnA tliat i t w«a "gvaAnad in tha l ino of tba eursont". 
m f urtiMMr ooneliadad that ttiia atJCiiel;iiio davalc«>ad ottXy at a 
owrtain ewrsaat va loe i ty . Xiatmr tlia torn "Urinary eurzont 
linaatian" i«aa ooiaod for Vhtm atmitiuca by Atoisaa (if47)* Ma 
waa o< ttm fplaioo that thia atruotuva davolopaa in tha xoelHi 
fonNd im rtmHow wator« aoviaf ultli aodarato va loc i ty . Howovor* 
CroMiXX (ifSS) Atfinftd ^IM partinv i ia««t ioa • • • tttra applied 
to ft mtxvfctwtm ^bamtvmA on oaq^ysod laoddiag •urfaeos ADd whlcli 
oecttTS • • Mftll imrpSf ex«aao» or fa int shalleir groo^ros on 
tho tedding attrfacos. Pottor and Maat ( i9 i3) i NcBrida and 
IfiMlcal (1963) and Allan (1964) atudiad parting linaation in 
datail and coocludad* that praforred diaenaioital grain orientation 
•xiata parallal to th i s structure and that tha grains long 
axas show a low anglad upstream imbricatioc;. j^llen (1964) 
concluded that partiotg l ineation was produced in the upper flow 
regime (Froude nuiiiber 0*73} such an exiiiting on beaches, river 
channels and t idal ebJt>>£lood channels. 
In the Lower SiwaliX sandstone parting l ineation i s very 
abundant and occurs throughout the formation from bottom t o 
top tout i s very frequent near the base (Plate-II, f i g*6 ) . It 
has alao baen recorded from Middle Siwalik sandstones. In 
both the format ion this structure i s restricted only to tim 
thin and f l a t beda. 
fihape and intejnuil characterist ic including spatial 
dlstrilmtioB oi sand body ia useful in determination of envisonsumt 
of deposition (Pettijohn« e t . a l . 1973). Channel sandstone ia 
a convex i-tmA body pinching out l a t t era l ly and lens shaped in 
cross-ecKrtional view. Flowing ^ t e r aver a soft sQadiment 
u&LC • IX « oxncNTioH AMo anstfATim or CMAfwei. SANO^BOOICS 
UiiMH CM) &«plN (0) li^O f te ic f i ta t iw i 
i n • • t « r « in n«iM» (AximutK) 
OMHTMli t * 
eh •• 8 
ch • 7 
eh * 6 
ch • 5 
42.50 
-
36.50 
17.38 
10 4.25 204* 
10.50 - 204^ 
10 3.55 201® 
7 2,48 202® 
eti . 4 13.52 7.15 1,89 204* 
eh «> 3 ** 4 •* 202 
«h » 2 to 4.95 2.02 » 2 * 
«li • f IS 8 3.00 204* 
OtiMn tw 
eh • 18 98 7 4.28 198* 
eh « 9 S i 4,88 8.00 280* 
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• 14 -
^^ |M f^te:« miy xanOmr certain conditlonSf •rod* « ehanii«l 
'{p6^inmek and ftlog^, 1980 p* 71) . 
/ I 
I Vim Siwftlik sandstone bodlfts prorlda elsar widanea 
for lateral and Tcrtlcal building of the river channel sand 
bo<$ies, Eroaional channels are common in the ^pper paart 
I 
of the Middle Siwalik Formatlou. 10 channels were noted at 
Dogaon and Jamrani. The best exposures of the channel f i l l 
sediments occur on the right bank of the Oola river at 
Jamrani. The data are l i s t e d in Table-ZI and shovrYt in 
F ig .3 . 
It is noteworthy that the sedl'nent of the channel 
fill is sandy in nature and differ from the surrounding 
sediments In which the channel occur <clays/Muds) (Plate*!, 
Fig«3 6 4). All the channels are coarsar and pebbly near 
the base and show the eroaional basal contact with the 
underlying clays/muds* Tha pebbles are generally of vuuds 
%iiiich are arranged almig the forasets of large scale cross* 
stratification. Theae pak^ly sedima&ta ara ovarlala 1^ 
(•edium to fine grained aaad shonring the saall acala-atratifieatioa. 
The medium to f iae grained sands are f ollowad 1^ very f iaa 
sand Showing parallel lamiaatioMNr FArthar higher qp in tha 
chaaiiela« occur elay and silt with parallel laminations. The 
4 xrting linaations are very wall developed in clay/silt 
la^^rs which show oceaslohally •cour<»marlcs and eroaional marks* 
All Urn iBhaMMil mmaSmtwamm int«rMK3t th* undtorliag 
otMS or e lay iadieat* th« titmnoml-till deposit (Ml«t«->X,ri9,4). 
Qmomrmllff a l l the ehaniMls «r« f i l l e d vp by l«y«r« confoming 
•pproociaNitoly t o ttM ehaiuMil shap« with oonearity vptnurd* 
Th« lay«r» «re thin out la tera l ly on the eidee of the ehemiele 
(Plate*-!, rigs 3 & 4 ) . This type of channel f i l l i n g i s an 
indicatioB of completely submerged channels (Reinicdc and 
Singh, 1980 p . . 7 2 ) . 
The send bodies are 4 m to 10*5 m ^ eep and apperent 
width ranges betwewi 10 m to 36 au The widtVdepth rat io 
ranges between 1.9 to 8« 
Perhaps, these sandbodies may have been formed as a 
result oC erosion and deposition of a stream that migrated 
lateral ly* The development of the sandst<MMk bodies in the 
Jamrani area in space and time indicates soma lateral migration 
of the depositing channels* 
OSTHBA STUUCTURSS 
Vbe other eedimentary structures noted are ripple 
maxks and load eas ts • Owing to the ir re s tr i c t /^ oceuxrances* 
theee etmcturee ere not studied in de ta i l , ftyasMitrical 
r i ^ l s msKtts are sbssrved only at two l o c a l i t i e s showing 
disooBtiasMis sad gently ««unr«d crest p s t t e m (n.ate<»XX«rig.4)* 
Load easts generally oeeur on the base ^sandstaone beds 
that orsirllos sl isies s r nnls . f l i is structure i s ^ssexred in 
tlM WmmtMmm at savarsl l o e a l i t i e s . Load easts srs 
1« • 
Bot iaAimtivfk of any particular mtwisonimnt.* Uomtnrmx, i t 
indleat^a tlia d^oslticMi of a bad oi aaad on a wator-
aaturatad liydropiaatic Xcy«r (Pottar mnA Pattijbbn* 1963 p*147}. 
aai «LI1 40 rmprmmmktmtirm thin • • c t l o m IMIXV mxmmiomA 
t o ctet«rniBtt the textttral and coiq^ositlonal a tr ibutas of tho 
Siwal lk saadstcma. The Siwalik sandstonas are genaraXly hard 
and ecNipact and randar Inaf fact ive a l l attaiqpts t o disaggragata 
than. Tharafore, the only recourse l e £ t was, t o study these 
sandstones in th in s e c t i o n s . 
GRAIN SIZE ANALYSIS 
Methodftof StudSf.« Grain s i z e analyses were carr ied out from the 
th in s e c t i o n s fo l lowing Friedman (1958) . 24 th in s e c t i o n s were 
analysed £or grain s i z e parameters - 10 from Lower Siwal ik 
and 14 from Middle S iwal ik . 
The apparent long ax i s of 300 grains were measured in 
each t h i n s e c t i o n with the help of micrometer eyepiece at 
regular trarajrwia Msroas the slidte as described by Chayes (1949). 
Tha ffraia diaiMt^r was measured down t o O.Oi {4 0) and a l l tlia 
sAtariaJL i a a s tNaii thim l i m i t was traatad as *elay and s i l t I 
Tha eommxmimm t a b l e puilijihad ^ Page (ItSS) i s used t o ccnnrart 
m i l l i a a t a r iraltaaa t o aqptivalmit ffhi (0) Taluas. The data 
ware grouped i n t o s iao e la s saa with the i n t a r r a l s of O.S |r 
c l a s s . CttmnalatiTa curraa ware drawn f o r Lower and Ni ld la 
Siwal ik sandstonas s ^ a r a t a l y on the graph paper davalopad toy 
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Wrim^muk ( i fM) t e dBtansin* the • ! « • • S I M •quiv«lttiit« oC 
thia sttcttoa 4Ata (Fia, S)» To doscribo t t e ••dioMiit eimxmetmra, 
s t a t i s t i c « l p«r*awt«n d«v«lop«d and AMcribsd by Folk and 
Ward (1957) wara calculatad. Tha rasults ara givan in 
Appandlx-X and tha s t a t i s t i c a l paramtars calculatad from tha 
ciMHttlativa curvas (Fig. 5) ara Xistad in tabla-XXI. Tha 
data wara also plottad graphically and ara shown as histograai 
In F i g . 4 (a->d). 
LOWER SZWALZX.- Msan Si«a (Ms) of tha Lowar Siwalik sandstona 
rangasfron 1.96 0 t o 3*16 0» Of tha 10 sanplas analysad* 4 
are unimodal* 3 ara bimodal and raiaaining 3 ara triiaodal. Modal 
c lass ranges from 1.5 - 2*0 j9 to 3->3.5 0, C t^ of 10 suiplas 
in 6 nodal c lass l i a s in 2.5 0 class* and in tha ramainiim 
two savplas tha modal c lass l i a s in 1«S - 2.0 0 and 3*0 "- 3.5 #• 
Xncluaiva 9r4^>hie standard daviaticm of tha Lowar Siwalik 
sandatcNMs ranga ,^ froai 0»S4 t o 0.79 i^ich shows that thesa 
aaaatoaoa ara andarataly sortad* Tha fraquaoeir diatributloii 
in S •••pil— out eC 10 i s naarly aynsatrical and 4 i s poaitivaly 
mlmmA* nmmmr, ona aaspla i s n a ^ t i v a l y skawad* Tha 
gciq^iie ImftMiia iralvaa «ca hi^ jlhXy •ar iabla . Of tha 10 aa«pl*a 
analysed 4 aca X^tokitrtie* 3 ara laasokurtic^ 2 ara vary 
Itptokurtie* a i^ thm vaaaiaiag ona ia platykartie in natura* 
MZODUI fi2lim.2K«« 14 SMPl** «•<« atiidiad to ovalttata t t e 
t o s t i m l •o^poaitioA oC tlia Niddla Siwalilc aaBdatoMS* 4 mm^m* 
• If -
MUM tekMi trom eliaaiml sandstoiMa and 10 from th« eoonoA 
•«lld«tOllttS* 
10 MuqpXas «a«l.ys«d f com t)Mi loMtr part <tf the MlddX« 
Siwalik ! • • • from eooBnon sanditoRttSfaxhlblt unlniodal to 
polymodbl distrlbtttion. Tha modal c lass f a l l s in 1 . 5 - 2 . 0 / 1 
c lass in 5 saaq;>las, in 1.0 " !•% 0 c las s in 3 sanples, and in 
remaining two sanv>ltts the nodal c lass l i e s in 10.0 - C.S ^ 
and O.S <- 1.0 0 c l a s s e s . The naan s ize of the Middle Si%felik 
sandstone varies from 1.64 $ - 2.74 ft, indicating that tiMi 
Middle Siwalik sandstones are coarse grained as coiflpare4.to 
the Lower Siwalik sandstones. 
The graphic standard dfifviation ranges from 0.72 to 1.99 
which shows moderately to poorly sorted natvire c^ the Middle 
Sival ik sandstones. The sorting of channel sandstones are 
geflMirally more poor than the c&mtoa ssndstones as the 
standard deviatioii dt eluMnal sandstones ranges from 0.B8 t o 
l . l f irtiile in eemnee sandstone i t ranges from 0.72 to 0 .92 . 
flM iaoltaaiva ffraphie «kei«aess value ranges from -G.5 
t o 0«Sf f^ilch ^ews Ifchat Miidtdle Siwalik sandstones are i^arly 
symmetrical t o vory yosditdxrely sJcewod. The 2 sanples show 
Boerly syanstrieal distr i lmtioa. However, in 6 saoples i t 
i s e i ther y^oit ire ly or vory pos i t ive ly sliBwod. The graphic 
value o< iBurtasis oadiibits witfo range from very platykurtie 
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to vttry Ispt^mrt ic . Oat of 14 S«RVI1O« 4 show loptokiartie* 
4 oMisokartiOid very l«ptokiartie, 2 plctykurtic and ono ss^plo 
shows vory plfttykurtic distributions* 
ROUNDNESS ANALYSIS 
METHOD or STUDY.- soveral nsthods «nd acalss t>r tho dstoztainatioa 
of roundness of grains ar« arrailable (Hadsll, 191Sf fkussol and 
Taylor* 1937y Kruodbsin, 1941; Powors, 19S3 i Folk, 19S5; 
Pattljohn, 19S7). In pressnt study th« Waakom method (1950) 
of assigning roundness to the individual grains to appropriate 
powers c lasses on the basis of the modified version of the 
cr i t er ia originally descrlbeo by PettiJ n (1957, pp. 58-59) 
i s followed.30 saRples were analysed to determine roundness 
of the Sivralik sandstone - 14 from Lower Siwalik Formation 
atod 16 tc<m Middle &i%Mlik Formation. Roundness estiraations 
of 100 detr i ta l quarts grains from each thin sections were 
made taking regular traverses (Chayes, 1949). Thm data are 
^ • n grouped in'^to lowers (1953) roundness c l a s s e s . The 
airttaMtle mean cotmdiMss for each thin secticm was c^^puted 
as described hf KnudMiin and Pettjhon (1938). T)w resul ts 
are l i s t e d in Table-XV. 
LOWM ftiMM,lX roRmaiOM«* agandneas c la s s values of Lowmr 
Siwaliks varies frc» angular to suhrounded c lass (Table»X7). 
Of the 14 sai^ples analyend* 9 samples are of sub-angular nature 
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and tlMi aM»4» f a l l s In t lw sub-ttBgular ( in 7 saav>l«a} « id 
ttngular <ln 2 s«a|pl«s) C 1 « M . fin thm ramainlng 5 saaplaa^ 
4 aamplos •'^ subroundad and ona la angular, in which tha 
a»dftl c laae l i a a in aub-roundad and angular c laas^reapact iva ly . 
Tha modal claas^contalna 31 t o 49 parcant of tha t o t a l nundMr 
of the gra ins . Tha airthmatic laean roundness var ia s from 
0.25 t o 0 . 4 0 . 
MIDi,LE SIWALIK FORMfWTIOl}.- In 12 san^les out of 16 aaiia>la8 
analysad^ the noodal c l a s s l i e s in sub^angular c l a s s and in 
reinaining 4 sa.-nplea the modal c l a s s f a l l s in angular c l a s s . 
Modal c l a s s contains 27 t o 54 percent by number of the t o t a l 
gra ins . The airthmatic mean roundness of samples ranges f rmi 
2 .24 t o 0 .36 . By and large* ttM» sediments are siib->angular 
axeept in t%ro sai^ples one i s angular and other i s subrounded. 
SHKm or ORAIMS 
Thm mhmpm of the d s t r i t a l grains i s described in 
tanss of a longatlon r a t i o ( long a x i s / s h o r t a x i s }^Bolmui 
(1952) . Tha iongth and broadth of 100 d s t r i t a l grains 
ymrm measured in ot^h th in soc t ion with tha help of micromsitor 
eye pioea and tha r a t i o wore grom>ad i n t o c l a s s e s with 
an in torra l of 0«2« Tha data on tha e longat ion r a t i o of 
C})aorts grains in the two sandstone foras t ions of tha arsa 
9Poatrs in ValUUi-V and tha eos|»osita data for each 
<|onsation i s shown graphical ly in F i g . #• 
• 32 . 
Vhm Otturtx grains axhibit m wite scattftring of tha 
•loRgmtUm rat io (langtV1>raadth) in both tha formations* 
In tha VyM««^  SivaliX Fomationf tha fraquancy diatrlbutioB 
of tha alongation rat io of 1000 grains i s bimodal and highly 
skawad towards larger alongati<Mi valiaas. The principal (nodal 
claaa l i a s in tha 1.6 • 1.8 elongation c lass «ad contains 
22.2 parcent o£ the values 23*2 percent grains have elongaticm 
ratios larger than 1.8§ The elongation data of Middle 
Siwalik sandstone based on 1000 grains* i s bimodal. Tha 
primary node f a l l s in 1.2 - 1.4 elongation c lass and the secondary 
mode in the 3.4 - 3.6 class* indicating admixture of moderately 
and highly elongated graiiui. The modal c lass contains 
21*2 percent of thie values, 30.0 percent grains have elongation 
ratios larger than 1.8* 
Mxia^ iUL coMMsmoii 
40 thin aaetioas fcvm I«war and Kiddle Sivalik ronaatioiis 
%i«ra examined for modal analysis and other patrographic attribiitas 
of tha Siwalik sandstones, apaciaans for modal analysis 
were so selected that to rapraaant tha antira area and ware 
uniformly distributed in t^e ttie fonaatioos. TIMI samples 
l o e a i i t i a s are shown in Fig. X and voltmatric proportions of 
tha varimis eonstituants oi th& aaadatones are l i s t e d in 
Tatola -VI. 
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PUTc-in 
figutm o'l Tins to modiym, isodavatsXy sorted sublithwack*. 
Note Vhm fielyctystall ins n»tur« of qu9ttz groins 
otslKiddod Into finoly dividod !natti», Louor Siyslik. 
rUeelo crossod, « 75« 
Flqure <-2 Flno to f«adium qroined sbblithwacke ulth angular 
to aubroundod quartz oncloaing irregular incluaionn 
The ircm oylde (black) and carbonate are noteworthy 
naiinerol cetaent. Lower i iual ik . t.icol not croasedt 
n 75, 
FiQure - 3 Fine to mediuffl l i tharenite showing variet ies of 
rock fragmenta. i ietritel minerals are oriented. 
Lower siualik, f^icols cros ©d, » 75, 
Figure • 4 " e^diui to coarse 'moderately sorted sublitharenite 
shoiiii^ angular to eubrounded quartz embedded into 
firmly cryatalJlzed carbonate ceiBent. Uoix the 
quertzlto fragewnt in tiie centr&l part. Lower 
Siwaliky Nicola creased y 75, 
FiQuro *5 Ce«rs« to awdiufli grained sublithwacke, Anqular 
to ot^ twrnmitod quwiz greina ahowlnq »;cieulat 
ineluaioae 0f ioutitolinef zircon, ofietite etc* 
Mhteh ot* mwwnqta Itvogulerly, Lowsr slwalik. 
fli««lo et»oo«d« « 7S« 
riQuro -S rino to noditni groinodt Moderately sorted eublith-
MTonitoa AXtotetion of RMjecovite into chlorite 
io notoworthy toner Siwolik, Nicole croecod^ y 7S, 
• 23 • 
i«THQD&Gr ETUDT.* Thin • • c t i o n a of saiidatoii** vrm 
q u a n t i t a t i v e l y analyaad for t h a i r parcentega a>«q^aition 
uaing a awlft atttonatic point countar f i t t a d t o a pa tro log l ca l 
microacopa. SOO graina par th in sac t ion wara countad for 
de tamin ing tha laodal c o a p ^ i t i o n of rocka undar invca t iga t lon . 
The m i n detritaX cons t i tuents racordad ara quarts 
(noeiLamorphic* igneous and sedimentary), reck fragmentSf 
fe ldspar , accessory minerals and matrix/cefoent. Ooarts grains 
of igneoiis, metasiorphic end sedintentary orgin were c l a s s i f i e d 
on tne c r i t e r i a 3uch as degree of undalose e x t i n c t i o n , 
elongatlor. r a t i o , presence of inc lus ions in quartz. 
umLR aiwALIK FC^MMION.- The Lower Slwal ik sandstones ara 
do'ninantly cofi^osad of quartz grains coTiprising 40.8 to 32 
pexrcent by volume ot the framework conat i tuant s . The quarts 
grains ara general ly subangular and l e s s cc^niKXily subrouaded 
and ara f i n e grained. Angular quarts gsAAaa are a l s o n e t . 
The quarts grains of t h i s forniation are character ised by 
s tra l^^t e x t i n c t i o n , hoiiaiver, a few grains e x h i b i t undulcMMi 
• x t i n c t i o B . l o t h Mcmocrystalline and p o l y c r y s t a l l i n c (J»late<-ZIX, 
Fig** 1 Ic 2) qmarts grains are noted in t h i s formation. 
P o l y c r y s t a l l i n e quarts are abundant and are general ly of 
oKtaanrphic or ig in* A tmt quarts grains have inc lus ions ai 
s i rcon , tt^irnBlizae, a p a t i t e and siica which ere arranged 
regular ly and irxagular ly in d i f f e r e n t grains (Plate-.lZZ,Figs, 2 AS 
• 24 -
Thm rock Szmgsmnt.* const It ut« 7 to 31 percent by 
volum« of the fraiaawork cocu»titu«nt« and xtspreaent such rocks 
as sandstones* c l«y/s i I tatones , chlorite achi&ta^ auscovrita 
schist* b io t i t e schis ts muscovlte-biotlt«->sericite schist* 
chlor i ta-biot i tc schist cuartz schis t , fnuscovite-sericite 
schis t chXorite-schiats, p|tyllita* ser ic i t e phyl l i te and 
cmeissoae rocks. 
The feldspar content of the Lower Siwalik aandatona 
i"^  poor as corHijare to the Middle Siwalik sandsternes and 
rangia from 3.4 to 10,2 percfnt by volume. The feldspars are 
generall> plagi«x:lase of the albite-ol igoclase cotiposition 
(Plata-V, F ig .6 ) , A few grains of orthoclase anr nicrccline 
are also seen. The feldspar grains are generally fresh but 
wsathsrad feldspar grains into ser ic i t e and chlorite are 
not uiKsoamoa. 
Mlca^sous ^ninerals v i e . rriuscovite, b io t i te and l e s s 
conomanly chlorite arc very conspicuous of the sandstones* 
Thesa ar« genarally of d*trital origin and a few grains ar« 
distorted due to conpaetioa. Biotite and imtscovitc show 
a l l d«gr»« of alteration into chlorita (Plata«XZI« rig«6)« 
The other aeottssory ainarals Ilka gsrnat* staurolita* 
•pidota« and « few opaqutt ainarals are also notavorthy. 
The avarage modki of the 17 raprasrntatlve sanaplas 
of tba Lowar SlMilik i s 57.9|« qiiartsf 16,1/iK rock frmgmnft 
Fio.t rig .3 
f ia*i rig.4 
f ig.S f to** 
PtATC-IV 
FiQuts «1 mdlum to coffir»« QVtinvd modtrstaly sortMi 
l i |h«r«ni t8 . The inclusliNMi of xircofi and 
in d«trl i«l fuartx «P« lvt«9ul«rly arvsngiftd 
' i d l e SUielikf Nicole eveeeedy v 7S« 
Figure - 2 helium to eoiwee grained noderetely eorted 
l i t h » e n l t e . note th« eubrotmded eqfuideflie-* 
ntionel detrite) quertz i re ine embedded into 
co^ee ly crysteHlne ce le i te* The secondary 
eietrix i s elso notoMorthy iddle ^iuellAet t.icol< 
croesedf n 71S» 
i'iciutm - 3 
Fiaure 
ediu to course qralner! l l thereni te eticloaing 
subrcMinded to well rounded equidis^ntionel ^ e r t z 
greina. tiote the coerse ireinecl elonnated (]uerta» 
siiee schist (centra) and secondary setriy. liddie 
iiueltkf uicol3 croe ed n 75, 
%diu!n to eo«ree grained l itHerenite t^ouinci 
e(|uitfiaientionel (^«rtx. Finely crye te l l i ze 
c e l e i t e oMtflre ee porefUl es elee corrode l^e 
d«trit«l quarts* Note the fine greinod fiHylltte 
fregnent et the tipper l e f t pert end eeeondi^y 
•etriif* n i# l ie Sluellkf Nicole croeeed» « 76« 
riquf - t Poorly eetted l i the ten i te otiowinq a l t ^ e t i e n «f 
ploQiaeXMe faldepav into e e l e i t e / e e t t e i t e * 
Slwellfcl Nicole e tooeo^ » 71* 
Figitfo »€ Poorly eorted l i t h t t o n i t e eheuing ellghtXy 
ottorod ovtiiooloee into eale i to* 'litfdlo 
SlMdiici Nicole erooeodf it 7B« 
• • IK f«ldip«rf a»fK aitea* 2«0lft aecmiMirir a l iMral* sad I4*7K 
NZOtliK SIWALZK FOttmTZCil.- Til* «lli«f 4mtritml MMtitMWttt 
of Middle aiMaiilc yonmtioii i0 <ia«rtB« oonpridlJig 3S«#I %m 
Si«i psveimt of th« oodal eoafpositicn. Th* cagiilMrity* poor 
•ortlaa and asaocifttlon oC htorogtaom mlwmm oad obopoo 
oootiawi to bo aoco or ! • • • the •CIM • • for UM Xtowor aiwolik 
«ai»tetoBO«« NoMoiror « ooorsor siso quarts grains muA proooneo 
of oquidlniBtiaBal qiutrts grains axo notowortiiy (FIato»ZV« 
Figs 2*3 It 4)* Tho laelusioDod ouarts grains ars net 
fxoqosBtiy In tlia Mlddlo siwallk santfstooos showing Irrogialar 
maSi acclooJLar arrttsgoosBt (lOato-XV* Ji^ l^ i* 1 d 2)* Tho 
saaaotoBOs of iUadlo ftlwallk aro gaaorally eon^rlaod of waAvlmm 
oxtiaetlon of strain atmSmm of varlablo IntoMtlty In eontnuit 
to Itowor Slwoiik saodstonos* Ths qiiorts grains aaontoodasd io 
oadnooto mmXteiM/etum^ axo slightly to stroogily eorroiod by 
tho ooasot (lloto»ZV* rif»4) «o4 foir groliio noro Iwoiioi dos 
to thlo focMlaf vory tm^fAvr groliio of • • •Hsr oiao* 
nm mddlo ftlMolili ooodotooMi aco oo^^rUod of a hi#i 
yxopoctioB of cook fsofnonto li€*t to M*3t) aftd oo^poood of 
dftffocoot typoo of phylllto Cnot*»XV« Fl««i« not*-V,ri«.2) 
mm ooMot fi&«to*lV« Fl«,$; PiotOi^, tMf*»« qaottsitoo* 
UaMtoM* dlmct CnotOi«V» rif*a) teoolt* ditortto, oof 
nm dMlMMft fwdi f t • f l irt • m pliyilito wd ooliiot* 
• 3« • 
Ttm f•ldsp«r contMit o< the Middl* a i M l i k i s Also hl^ 
t o Iioiiftr SiwAJlik saodstonM eooprislB^ S«8 t o 2i«0 
pojpcoat of tlio nodal eaqpositlcn. TIM foldii^>«r« aro iMlaly 
plagioeXaao {Piata.XV« rftg.S) and orthodaaa (P&ato»XV«Fi««6; 
91ato-V« F i g . l ) and lass abundantly mieroeliaa* Thm faldoparo 
are trmsh to hic^ly altarad (Plato-XV, Yif^* S & 6 ) . 
tbm mica content alao xmgistered high percentage in 
the Middle Siwalik aandstone forming 1,2 to S,8 percent of the 
aod»l Goepoaition., Tha b io t i t e i s roomX conmon rtilea tiineral 
which ia hrown aa well aa green. The other fladcy rainerals 
»M:m ouaoovite and chlor i te , Ihe oiica flakes are sho%i^ in9 aore 
or leaa awMi propertiea i aa in X.ower Siwalik aandaton^s. 
However* diatortaticn of aica due to cotii>aetion ia eomioo 
(»Xato.V« Fi«.3)« 
ttoe Middlo ftivalik aandatooea are charaeteriaed by tlie 
eaiboMt* o a i B f (ea ic i ta) <nate-ZV, WlgB* 3 d 4f ilat».V« 
fim* 1*1 * 4) and «at« is «f a^coadary orlgiii (nat«*]y#fi9t«l« 
a,S«« * If fiat«-V, r i g a . U)« 4i 4 ) . rim pozeoiit «C 
•iitjrii^M«Bat ia aivulf l«aa%ly low cowpctaing S«0 t o &7.0 
Iqr w«llmm of t t e 
Tha other acoeaaory Mlaarala notod are tomnHaiaa* 
aiMOtt* fanMi%# ipatit** a^lAado* ataaicolita* karealto and • 
tow tmmmm mimmthim 
ri9»t rie.2 
riB*3 r i9«* 
ri§»s 
PiATE-V 
fij9tjat9 wf Fin* to ^mfiium ;;reined Brntimtarm ancloaino 
•n^ulMr to BubsnQuXaK quMrtXt c l«t t i t«l g t a l n s 
me esiiented by firviJly e r y s t a l l l z * e i d c l t a / 
matrix. Lousr ?<iualik, u l co l s crosevdf y%« 
rifiure oS Cosrse groined l i thMfeni te . Hotc ^@ coMrssly 
c r y s t a l l i n a c&lcite snclosir^ several c l a s t i c 
p a r t i c l e s , founded frag-nonts of p h y l l i t e and 
char t »rr notcuortby, id l e iyalll« ^.icols 
crosT.ed, y 75, 
'•''"•ure - 3 Bt'ttM to cnet -o nrc?ir»©c l i th@renite w-th 
d i s to r ted --lice flakt and quertz m l i ^ t frsnimnt. 
iddle lua l ik , . ' icols croa; edy x ??• 
riciore Coarse nrainecl l i t h e r a n i t e . subannular to 
siibrotmded d@trital quartz arc ce-sented by 
co«raely c rye ta l ized c«rbonate. middle ,>Ufalik. 
fiieola croeued, » 75, 
fiQUra «S Coaraa gtained l i ^a ren i t© uitb abundant angular 
to atkAianoular quarts conrroaion by matrix ia 
notaiMTthy* liddle siuallk* f.icole croaaad^ir 7S* 
Figure MS tiodiuo grained atiblithwaeket eneloainQ angular 
to aubanqtilar quartr mH plagioelaae Cfreah) into 
metrir. Loner Siuelikt Nieola croeeedy r 7S. 
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The cveragc mode of the 23 representat ive sanaples of 
the Middle Siwalik sandstones i s 45.2% quartz; 23.5% rock 
fragments; 8.8% fe ldspar , 4.4% mlca« 2.0% accessory -ninerals 
and 9,&% cement/matrix. 
Cement.- Generally the cement i s very conspicuous in Middle 
Siwalik sandstones and i s nostly ca lcareous . However, 
ferruginous and argillaceovis cement i s a l so found but in 
l e s s e r amount and p e r t i c u l a r l y in Lovrer £>iweiik sandstones. 
The calcareous cement occur as very coarse ly c r y s t a l l i n e 
nass enclos ing several c l a s t i c p a r t i c l e s (Plate-IV, F i g . 2 ; 
Plate-V, F i g s . 2 & 4) and some pore-speces are a l s o occupied 
by a c r y s t a l l i n e comparatively f iner c a l c i t e c r y s t a l s (Plate-IV, 
F i g s . 1 & 4; Plate-V« F i g . l ) . The c a l c i t e appears to be a 
secondary mineral and have been deposited short ly a f ter the 
depos i t ion of the c a l s t i c gra ins . The c a l c i t e cement i s 
be l i ered to be a product of normal chemical p r e c i p i t a t i o n . 
The c a l c i t e i s anhedral and occupies a t times with s i n g l e o p t i c a l 
o r i m t a t i o n , central port ions of c a v i t i e s which indicate 
secondary formation of c a l c i t e cement (Caroszi* 1960# p . 63) 
c a l c i t e has occas s iona l ly c r y s t a l l i s e d along fractures or 
cleanragMi in the d e t r i t a l grains (Plate-XV« Fig«2) and has 
wedged them apart a l s o advocate the secondari ly formed c a l c i t e 
cement (Oilbert 1941 )• Moreover, fe ldspar and quarts i s 
conmonly r^[>lae«d by c a l c i t e (Plate-XV,Pigs.5 &</ P l a t e . V , r i g . 4 ) . 
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tlwleaehlng o£ the latter into voids occurs vithln the 
feldspar individuals is indicative of calcite formation after 
the deposition. 
Matrix.- Matrix is unequally distributed in I^ ower and Middle 
Siwalik Formations and is generally of post-depositional in 
origin. Much of the matrix has been identified to sericite 
and chlorite which occur in finely divided flakes. The other 
constituents o± the matrix are fine quartz, silt and clay« 
^ic (Fine flakes) etc. 
CLASiilFICAIIcai.- In view of the texturally l/imature (argilla 
ceous) sandstones* conrsnonly found in the Siwalik sequence 
of the study area, the classification proposed by 
Casshyap (1967* 1969) has been followed which is a modification 
of those proposed by Gilbert (1954), McBride (1963), and 
Dott (1964), Dott (1964 p. 629) fixed the matrix limit for 
defining the various classes of textural nwturity at 10% rather 
than ^ as initially proposed by Folk (1951), for the argillaceous 
sandstones. However* in many Siwalik sandstones there is 
evidence that part <^ the matrix is seccmdary derived from 
crushing of softer rock fragments; the matrix limit for 
defining arenite* wacke and the other textural rating has* 
therefore* been arbitrily placed at 15% in the present study. 
Quartiarenlte 
Li!hic SuborKose 
Quartiwacke 
SubarKosic wocke 
Sublithic wacke 
Lithic SuborKose 
LOWER SiV *LIK MIDDLE SIWALIK 
MATHIX 
• AHNIT - t 18 X 
e wAkKi - >iS7. 
n - aUARTt RESItTATCt 
- FILDSPAR 
K - LiASLt nor -aMiNTt 
a - SUSLITH ARINITI 
b - LITH ARiNITi 
C - FILOfPATHIC tITMABINITI 
d - LITHIC tUBARKO*! 
r i g . 7 PCTROCIMPNIC CLASSiriCAnuN bf SIWALIK SAII103T&NC8, 
CLASSinCATlCN 8CHCnC(ArTi:t1 CAaHYAP.l967«)I$ ILLUSTRATCO 
AT THE TOP DF riGUfiC(A) 
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Mircent«gai coi^posltlonsin tttam of c^u&rts* £eldaip«r 
and rock fra9«>ents were recalculated t o lOQ aiid p l o t t e d 
in tr iangular dlagranie l or areni te and wacxe aeparacely 
for Loi.'cr and Middle s lwel lK forraaticai&, t-vldently i i t h e r o a i t e a 
are by far the -noat coiTKioti types aiiong the Middle ^i'^allk 
sanc.stcxies anc wackesare ccm-acn in Lo^ e^r S iwal ik . The other 
rock types occur occas ional ly are subllthaxrenite, quartSMirenite, 
f e ldspath ic l l tharen i t e / . e t c . 
Heavy raineral ciralysis was undertaken to deter'niii<2 
the po3s ible convoait ion or provenance, a3 s supple Tent of 
petrographic s t u d i e s , IQ sauoleo of th<p •ian2s-onB cjf ha^er 
and Middle Siwalik Vernations were studied t o deT;ernin€ the 
heavy raineral cottposition and t h e i r J ia tr ibut lon in the two 
ForTiaticns. 
mi HOD CF ;>TUDy.- ha the Siwalik sandstones of the atudy ar*« 
are hard and contact , the spot samples of sandstone Wfcrc f i r s t 
chipped with the lielp of haimiicr and th«n treated with th* 
d i l u t e hydrochloric acid ( l t 4 ) in a b««Xer« t o d i s i n t l g r v t e 
the gra ins . The d i s i n t i g r a t i o n of the chips was allOMttd for 
nearly 10 days . The disaggregated saiqples were then seivtitd 
(dry; using the standard s e t of B.S. s i e v e s . The f n c t i o m 
TABLE -VII HEAVY FUNERAL COWOSITION (IN mmER PERCENT) 
or LOIJER AND fllOOLE SIUAIIK SANDSTONES 
H0«vy ninaral iowes Sly«llk niODLE SiyALlK 
(•vorcqt of S sffiHples} ( average of 5 s e n d e e ) 
G«rnet 
TourmalIne 
Rica 
Rutlte 
3 tauro l l te 
Kyanite 
Epidote 
Zircon 
Apetlte 
Opaquea 
37 
29 
15 
6 
5 
-
2 
2 
1 
S 
30 
21 
18 
12 
2 
4 
3 
2 
2 
6 
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tixumr lOiaa th* aM9<Uil dlaMttar iMir« uMkl for hMiry mimiral 
•«pttr»tlon (AlttAidieias«< 1943 )• AS th* aislat«gr«tion of th« 
•andstoa* s«apl«s v«« don* using ths h i^SJCpchXoric acid, I t 
i s not nssdsd to tvss t sgsin with ths sc id to xsnovs ths 
iron eostinfip. Ths awtsrisl rscorsrsd in ths nsact to iiodsl 
c lass thMi ws i^ted to 5»tO ga dspsnding v^ pon ths amount of 
rscovsrsd mstsris i . TIM hsavy minerals %is£«t sspsrsted in a 
c&ntri^f&l iaiichin« using the bronaoform (SF« gr. 2,9) as a 
heavy l iquid. Sttparstsd hsavy rssidue %rais washsd* dried 
fnc v/eightec to co-npute the perc«ntsqe of Irwsavy nin* rai in 
each sample* *» represtntative traction of heavy cro, s were 
•nounted on slide^ for microscopic examlnetion. 200 grains wars 
couat#d for ench s l ide using a swift automatIcfiDlnt counter* 
The percentage of different heavy mlntrals were tlwn calculated 
and presented in table-VZI. 
MIM£llAi;«OOY.-> The non-opaquea heavy .'vinerals identif ied are 
ganwt# tottrnsiltiB*, «iea« r u t i l e , staxirolite, kyanite (only 
in lliddla aiwalik sandstones), epidote« sircon* spatita and 
spinal . The opaque ninarals are counted and groupcKi aaparataly 
baeausa of thair monotcnous occurrence andu uniform character*. 
Ihe patrographic atitdy ci. heavy Minerals ravaala that 
kyanite i s found only ir the Middle Sivalik sandstoos which 
ih the Marker mineral for t h i s forsiation whiah i s in the 
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li«r«eAy witli %IMI other studie* (Raju meA Dahadni* 19«2| 
Miartt and Valdiyai 1961* Siatiai 1970f CfiMiaiuuri* 1972r Nisr«, 
197f). hmt^hmx s i fn i f leant faatur* iiot*d i s that Lonar Slwclik 
•andstotias ara xldti in gamat and toumal^ine «nd othar 
lainaraia ara appv«ciably loir in paxcantaga. Tha Middla SiwaXifc 
8andtot<Mia8 ara rathar rich in haavy rainaral variatiaa and 
thair parcflontagaa• The «ica and <^ paqua minerals alao 
registered a high percentage in Middle Siwalik sendstonas* 
Corroded boundarlwa of elongated nrlJ-n?»tlc graim 
of tour-naline* Hyanite, staurolita and garnet (PIRte-V2,Fig. Q,9J3) 
ara also noteworthy which qjrc generally ascribed to post depoaitional 
changes such as intrastratal solutions resulting fro^ shalloir 
to deep burial ot sodl-ocnts, 
Iha detai l account of different mineral species i s 
as follows t 
CORNET.- Gamat i s a dominunt mineral i c both the #orinatiG»aa« 
un tttit basis of colour two . types oC garnet are i t ent i f iedj 
pink garnet and colourless garnet* The ionasr variety la 
prepoadeiraat* in iwarly a l l the cases . The sttjority of 
graina ara irxegularly bounded by eonehoidal frsicture 
sorfecas (Plate>Vl« Flg&,3A<^ end s l i gh t ly aodif led. Both tha 
v e r i t i e s i s <j|encrally riddled with inclusions (PlBte->VI« FigitV**) 
and :aost of grains are well rounded (Flate<-Vl, Pigs. 8^3), 
Several graina exhibit ao8» evidence oC iaeiplMit etching* 
PLATE - VI 
20 2) 
ItATC • VI 
rseuiiCS • %2 Ifi«l4i«t«Mi^ p t i v M l l * pinli 9«avMl| HiMl« UmUk 
fl&UflCS • 3i4 I t n d u U r l y tioutitfitf pinfc gaimit 9'*^'** ^lon^ng im^piwit 
riCUIIC « 9 Pt l«Mli« gaiiMt iN«Mi.fi9 •Uglitly aodlf i84 Iwuitiiiffyf 
n iMla aiveUlt SMiitaft«rMi(XJO) 
flCURCS • 6&7 Ir t tguUrly betmHid pink gaitnttt showing inoipiant • t ^ i n g * 
MiddU SitNiUk S«niteten« (XJo) 
riQURC • 6 Coimtrless aitll roundsd ^amat .jith eorradiid boundsryi 
r.iddla SiuiaUk Sandatonn (X90) 
riGUI^ m9 Pink caiourtd InoiMsionad garnatt eorradsd boundnry of 
th# grain 1E notsworthy* 
Hidditt Situs Ilk Sandstona (Oo) 
riGURC alO &lu« IncluslunUse tO!irffiaUn»| Hiddio Sl!n«lik Sandaton..^  
(X50) 
riGURE:s .11 ti I rlsnatic grains vith v@rlad tarsinatiana of broom 
^^  tourmjlina« ScMaa of 6h« gribne ara inelusicnad hovtavari 
othara ara f raa f ro« incluidona, L-oufac and Hiddla 
Slisalik Sanditono (X30) 
FIGURC • 16 Subroyndad bhim tounsalina, Lotwr SiiiMUk S«ndsti>ne(X30) 
rXGUfC .17 Roundad teuttMalin'i* Hiddla SiwaUk Sandatena (X3o) 
riGUilC . 1 ^ 1 9 %Ula» Hiddia SiaiaUk Sandatona(X3o} 
riGURE mTQ CrudiXy ptimmtic atouroUUf HlddU SiwaUk Sandalena 
(XSO) 
riGURC »21 Si,ri»reuntfid anidotfi* Hi M i a SivaUk Sandstena (XJo) 
riGUK m2m>zr Cpaqu* aiiiavalil lowar and Middia Sivalik SMiiiatona(X9o) 
Ttm guamt, sttita of nlnsrols indieate direct derivaticm tgmt 
icyw to high gred* iMititmorphic rocks such as schists^ gftelsses 
sad grsntaitss* 
TOURM^ LIHE•-> Tourmsline ccMiea next to gsmst hin ordsr eC 
abundance in both th* Formations. Thsr« ars f l^oo^ Gt 
^ m s t and tournielire in few s l ides of Lower Siwalik 
sandstones. 7here farm t%#o var ie t i e s • blue sad browfi« are 
identified on the basis of colour. Blue tourAsline occurs 
as irreg\xlar large grains showing weak pleochrosisA ami 
gtneraliy free from indueitxis (PI te-Vi, i'ig^.iOi?/*), This 
variety i s ware readly observed in niirii© 31v»alAk s«ad«tones 
than the i.cMer diwalik sandstonej. Ihc brown variet^y i* 
strongly pleschroic (straw yellow to uark browni esid occurs 
generally as large prisiiatic grains wxT;h V'lriad teraiinnsticms 
(Plat»»VI« Figii.i^^'S). Many grains have ItKiiusloas of unidenl^-
f table minerals, bubbles and cavittss (Plste^VX^ Figs.xitoUD. 
There are four varieti«±« aze observiKi on the basis 
of shape of tho individual graxns (aj Big prisnst ic gratos 
showing a l l degree of abrasion (Vlato-Vl, Fig^n (^i^) (b) Very 
slender idiosecphic prisas with pyraaldal tonainatioas 
generally of hromish eoloiur (l>lat«-VX« Fig, H } (o) very 
1^11 rounded^oval or circalar grains generally of brownlib 
colour (Plata-VX« t ig* n ) (d) Irregular forrM geaorally 
of blue colour and lass caiwarly oi broMn colour <FXato«¥Z«ri • |o ) 
AececdlJKr t o Kryniiw (1946) the bro%m tour!ii«liR« i s 
cluunctcrlatic of prngamtlf and bluo toujrnmlino i« ch«r«ct«ri«tie 
oi granitic rooks. Howtnror* ths very sXoiMtor idiomorphic 
prismatic grains ma;^  bs darivao frolNslatas mnd phyllit«$s 
ano nca guartosa achlsta of pegmatised injected notstamorphic 
rocks (Krynine« 1946). 
M2CA&,- Musoovlta* biot i ta and chlorita are abundant among 
tha talc a minerals in the heavy residue, ihe iiuscovlta is 
the rmjst dominant mic& in both tht ForTji^iona, Konim^ms,, 
biot l ta register«!d high percentag*. in the 'dcaie i»i>iialik 
sandstones. Th« mica minerals occur KS eion^ct-cd flakes 
having irregular borders. The flakes, contain z v&rietj' of 
inclusions such as zircon^ apatite and quarts, i^lotice aa 
waAl as nauscovita cow ionly altered to chlor i te , .^ anj^  oi the 
flakes are distortad. Tha alca minarals ^r& characteristic 
of aetamorphic source ger«rally schistose rock* 
Ruri l£ . - ftutUe occurs as reddish brown, idiomocp'^ic grains 
with rowBDdMi fipraias (nate-VX« Fig. id ) inlvth the jforoietiOB* 
tioweirer, i t s percentage i s higher in the Middle aiwelik mmnamtmrnm 
with caa|>are to the X«ower 3iimlik sandstones. There are • few 
long and sl«ader needle shi^ iied grains are a lso observed. 
These rut i l e minerals nay have be«a derived either f roa 
•e ld igneous rocks or cron eryst«Xliae «itasiorphie rocks. 
Rowever* lemg end eXeadey tmmtOm elimped ci i t i l« greiiis eve 
«liftnet*rft»tlc cf laetiMogpiio—d •^rilXac—w woem v ia p i ^ i i i t 
• S4 • 
8TAUROI*xni«- Staiurolit* occurs «• r^dAiali faroim to fmllmi 
lazroira crudely prlan&tlc grains (Pl3te*VX« Fig, 0.0)^ Xt i s 
wid«kai>r««id ia XiOMir SivsliX ronmttloo but sppiMurs in traces la 
the overlying iii<ddle Slvs l ik formatioo* Ttie d s t r i t s l ataurollt* 
ifc the cheractcristic of crystal l ine s c b i s t s . 
KYhhXLt,^ Kyanite i s only icMnu in the Middle Siwelik sand8t«MMl, 
Xt i s not <^3ecved in ai^ y slicift o£ Ixiwer SiwaiDc sandstc»)es« 
The kyanite ;ainerals iiay have been contributect by .TietamorjAiic 
rocks. 
HPIDCTE,- It occurs as lerflwon yellow coloured subrounded grains 
having high rel ief (Plate-VX, Fig,-^i- ) , Xt i s l e s s conspicuous 
and occurs as traces in most oi the saaiples. Xt indicates the 
Tjetamorphlc source* 
zllCCii.* ^uircon i s absent in frost of the samples and occurs 
in traces in soass sai^les of LoiMir snd Middle Siwslik Forawtion 
Xt occurs either as doubly pyraisid* tsc«liisiU prIsoiatic grains 
sboifing dmmp mtoanA order colours or mm vsry u s U retmdsd 
e l l i p t i ^ l t grains rsther big ia s i s s . The forosr type 
rasy have deriTsd from acid igeeous rocks and the v s l l rouadsd 
e l l i p t i c a l grains Indicate niorc than one cycle oC erosion sndi 
deposition (Misra and Valdiya* i9 f l )* 
APATrrt** Ostrital Apattite occurs com:^ onl> in traces of rmwf 
well rcHinded grsins showing f i r s t order grey colour iatsrfeisnen 
in nost oC ths ssi^ples* It 'alght be possible that t h i s aiaisrsi 
aty ti«r« gtmmtmt pc»eenteg« b«caus« during thm traatrwot 
with acid for diaintigration of aaxaplea* apatita m&y hava 
part ia l ly or co<i^lataly diaaolved (l^ninbain and ?ettljbbn« IfSSi 
Harbartf 1960| Staolay* 1965). Tha aanc tr«atnient wafi 
navartlMilasa lEtaivitable owning to tha hardiMiiss and 
cofl|paot»B88 of tha aan^lea aa %MI11 as to the cs>acity caused 
by tha iron oocide coatings. 
In addition to abcv* aentionec huc^y ;T.ir»*rAl.i &oim 
opaque .minerals ar«« alao connoo in tha Siwalik aandstonaa. 
(^aques are higher in i^ ^rcentagK in i<«iodXe ^iwalik aandatooas 
than Lcwer t>iwalik ^at.ustones. »^ .!rjOj;»c, tt>s opaqua rainerala 
inegnetite &nc i laiecite are couT>on« 
Chftptsr -V 
PhUAocmmm AHD PRCVSMAMCB 
TtM 9ftl.«ttocva:r«nt pmttmxtim for th« fti%r«ilk codes in tiM 
study srss hss bssn sttstiqptsd to s s t sb l i sh with ths tmlp 
dt dircctionsl ssdimsntsry structurss such ss cross*stcst i f icstioa* 
parting l insstion* ripple iiisrks and palasochannals. Ths study 
of ths pslasocurrsnts indicate the palssoslope and hsnes 
the directi<»t in which the prcwenance was located along w i ^ 
dspositional environrasnt. 
CR06S-&n RAl IF ICAa ZGH 
SAMPLING.* San«>ling patterns adc^ted for Cross-strst i f icat ion 
dip asitnaths study i s not based on any predetermined ssnple 
plan because of avai labi l i ty and access ib i l i ty of suitable 
cross«stratif ied outcrops do not permit any saaaple plan t o 
be folleiiSd* Htnce, a l l the accessible outcrops were taken 
into aeoouBt and at l eas t 4 nsasurensnts were recorded f * • • 
different ero«s««tr«tifled waits at each l o c a l i t y . The rnxmrn 
wider stttd^ MM derided into 4 sectors in such a wmuuKt that 
each snctor eontaiaed a ninimm of 40 nsasurensnts and inclttae 
at l eas t 4 l o c a l i t i e s of observation. 
i«THODSor mfAwmmmikm^ nm aatliod of nsasureiasnt of pIsMr 
eross -s t snt i f ieation varies fren oufecrcp t o outcrqp depeadlag 
upon the astiiro of ths ej^emin. Ths dip-nainnths of oiqpoood 
ei«ss«etcnti f ieation were nsnnomd direetXy with ths clinonstoi' 
•» 17 •» 
ceoigpMMi, UhMCwrMr forsat plans* i#»rc not available* th« appurant 
aip diractlona and inelinatlona of tha tracaa of tha IndiTidual 
foraaat planm wura oiaaaurad in two noo-^ pajcallal saeticHUi 
and tha dip diraction and atioimt of tha trua dip of tha focaaat 
planaa ymrm maaaurad using an aqual araa Schmidt nat« 
In the caaa of trough eroaa-stratif ication* noaasuramanta 
vara takan at the axas of tha trou^ i^  ahapad sets wlwraaer 
possible* Tha trou^ croas<->stratlf ication invariably leaves 
curved traces on the a-b plane and in such cases the aaimuth 
of the acute bisectrix oi these curved surfaces was taken aa 
tha true asinnith of the dip of foreset surfaces of the trough 
eros8<HBtratif ice ticm* 
Tha Siwaliks ahow generally high dips (30-76* even 
vertical)* therefore* the dip aaimuth data were corrected 
for tilt by rotating the poles of foreset plane a on Schmidt 
ataraogxaphie net following the nathod outlined by Potter 
an« MtUjolw (19«S* p* 28»-i0). 
VhRlhBILlXY m CR0B8««TIIMrZf X:ATXOH rOUBSST DIP AKIMUTHS,* rtm 
erosa««trati£leation data ware gcoqpad into 10 degree clasaaa 
on a scale of liO dagraea to eo^puta aaaa orientation of vector 
aaiflsitha and other atatiatica of aKivMUial distribution* Tlia 
vector mean aainuth ( 6 ^ ) ; ead vsetor sMgnituda (td() for 
each locality* sector and fon»ticB Xaval were calculated lay 
using tha vector amwaticn aatlMd iCmtiiy* 19M) and the 
( ^ MO ^tmmm < i^ or Guess sTSftTincATtos oip Aniifins* 
sccfsi oyKSQp Link SCCTIQILMia 
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vMiata M* l l« t«4 in t«bl««VS[Z* tkm 4is%ribiitioa oC 4ip 
•SiOMtlUI o f e f«M«4l tX«t i£ l« f t t io l l fCMNM«t« i l l t h e Z«iMr « i d 
Middtl* SiMilik maaOmtoomB «MIC« shoiA Iqr ArcoMt in f i g . 8 . 
llQr«0v«r# ftsiaoytluil distritautioii i« also •hown graphie«lly 
• • ro«« di«gr«iwi «t sector and foriMtioii l«v«l« (figs.® <• 10)« 
JUORSR SXMALIK fORMMiGM.- Th« Cro«s^tratif ioation i s ^dvsry 
poorly d«v«l(HMKl in the Lowsr Siimlik FortiBtlaa, in a l l 
40 BHi«sur«niBnt« wtir* widtai (Vig. 8)« Out of tha 4 local i t i«s« 
only on« ahOMi tha biaodal aaiaiuthal distribution wharaas 
at 3 l o e a l i t i a s i t ranalns uniniodkil* Tha vactor tmrnn •.mimxth 
(d~3 rangas fron 179^ t o 16S^ at 4 l o e a l i t i a s «diara cross -
s trat i f icat ions iiare taaasurad. Whan thu l oca l i ty data lunpad 
togttthar tha grand vacrtor laaan valua 184^ i s obtained (Tahla»VllX), 
By and larga the palaeoalope IMIS towards south. 
The vector t^gnituda {Ui) rangas bi:t«ieec 60 to 86 
percent indleating very low degree o£ «£oneentration o€ the 
vector eaisiltlw* Vor the x»ower Siwalik Fonsation as a Whole 
the vector teafBitiide i s 77 percent with variance value as 167$« 
MZOOm mmt^UM. Wtrnmiiom*^ The veetor aaan esiMuth for «l» 
Middle Sinoiik Venntion range between 16i* t o 847** However* 
e t 16 l e e a l l t i e e out of 23* the veetor asan asinuth ranges 
fron 191 t o M^t that i s , within SS* arc i«iere«s «t 7 l oea l i t i oo 
i t l i o s withlA m * md IM^ i . e . within 27^ ere . The gcead 
o 
voetor MMO aoisMth i e 198. 
« 39 -
H M distjrilratiefi o£ fotmmmt dip asinaths of »iaro«s«> 
•tratu at 13 l o c a l i t i e s la blnodal, at 4 looa l l t laa . Trlniodal 
a»a at 6 looal l t laa vualMiodal. Whoa aotlro data iioro Itopad 
at aactojr laval only at cmic aactor It ahowa polynodal d l a t r l -
totttlon whlla ramalnlng two aactora (Pig. 8) shows unliaodal 
dlatrlbutloQ. How«var« s t Iformatlon laval the foraaat dip 
aslnuth dlatrlbutlon Is blmodal with principal mod* l laa in 
80uth->%#ast* 
A larga scatter of dip azimuth i s a lso reflactad hy 
the vector nagnitude valuss which are a caaasure of the 
ccmcentration of the vector asinsuths. At outcrop leve l the 
values range ffiom 12 to 97 percent indicating a very wide 
range of sa«cter frooi outcrop to outcrop* however* 17 of 
the 23 values are larger than 70 percent. At the sector 
laval* the values are smaller on an average between 48 and 
74 peccant moA at formation level the vector nnignltuda la . 
•9 pejreent* 
2 
The varlence (A ) of foxeaet dip aslisutha at the aaetor 
iav«l variea fcon 2019 to 2$7S« Theae valuea are an Indleatlon 
of the a<Mittar of dip aslnuths* about the aiaan and are 
aHMarleally aqual to the aquara of the atandard deviation (s) 
the total varlaaea of dip asl'nutha In the Middle Slwallk 
rocaatlon la 2437, 
• 40 • 
LZMBAR aTRUCTURKS 
WMSmQ LXMBXTXoil.o Parting X«iiM»atioii U « ttio %f»y d l rac t iona l 
• tructur« which g ive s the l i n e of current flow rather then 
the eenee CKC flow d i r e c t i o n . Sorby (i90e> nms the f i r s t 
who deoionetreted the relat icmehip of part ing Uaeation with 
the l ine of flow of current* of suitable ve loc i ty . Since thwa 
several workers have used th is structure as a indicator oC 
current direction (Stotee, lf47i Crowell, 195S| JPelletier* 19S6| 
Mebride and Iteakel. 1963f Dsulynski, 1963; Allen, 1964; Shelton 
e t . al.« 1974). 
In the present stuoy parting l ineet ions h^ve been 
taken as a tool to decipher the l ine oC current flow. The 
parting l ineations are found in both the Lower and Middle 
Siwalik Fomstions where horisontal bedded sandstones are 
cropotit. Zt ls« however, very well develc^ea in the Lower 
Siwelilcs* 
aAMR»2M0*» Ssoipliag plan to record the o r i ^ t a t i o n of parUaf 
l ineat ion i s the easie as for eross«etratif ieatioos and tmmA 
Ml the snrailability and access ib i l i ty of suitable outcrups* 
At l eas t 4 wmmtmimntm were mAe from each loea l i ty on the 
bedding plflBMi irtiowing orieatetion of parting l laeat ion 
the area waa tlM» dUvidad into 6 aactora (A«#) in auah a 
•aaaar %tet mm^ mmum caaitaliiaa a alatem 9fi ts 
aad UMmm • ta Si laaaiitiaa wM ebaarvatiaa <n9« % h 
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mxmosow ICMIURBICMT*- Ttm MMummanta o£ parting l imatloi t 
(HTlcntaticHEi %imr« direct ly t«ki«n by tlw elincamtmr eon|>aM. 
Purth«r« Wh«r«v«r the beds %fere highly dipping (more than 90^) 
the rake wan a l i o recorded and t i l t correction was raada by 
rotating the pple oi rake of parting l ineation using the 
achimidt 8t«ireographic net (Potter and 'ettij&lwi, 1963 p.259»60). 
VARIABILITY CF PARTING LIMEA'! ION ORIEIiTAlIOM.- The d a t a w e r e 
grouped into 20^ laegrea c lasses on a scale of 180^ degree. The 
vector sunmation nrnthod described by Currey (1956) was used to 
calculate different s t a t i s t i c a l paraoieters at loca l i ty as %fell 
as at sector and formation l eve l . The data are l i s t e d in 
table«>2X and i s shown as circular histogram at sector and 
formation level in Figs , i and 10 respectively. 
LCWER SIWALIK FORMRiicN.- In the prese-it study 472 T»a8ureflienta 
o£ psriing lin«anion orientation were nb^ 'le at 34 l o c a l i t i e s In 
the Lower Siwalik Formati<Hi, These l o c a l i t i e s were grovq>ed 
into 3 sectc«a (A«B« and C), 
The orientation of parting l ineation varies from 
unimoial to polyaodal distribution at loca l i ty level* however* 
the unimocial d i s tr ibut io i i s more common than biraodal or 
polymodal distribution. The orientation of parting l ineation 
exhibit unimodal at sector l eve l as well as at formation leirel 
with oiocial el«M oenf ined to 0*20^ elaea in A and C eeetors 
mmA 40«iO* e la s s im • aector* hmimmm ttm aodal c lass i s O«30* 
Porting L intot ion 
P a r t i n g L i n e a t i o n 
MIDDLE 
n • 272 
By" 17* 
•^ L7. » 30 
S' S I I I 5 
S - 33 
LOWER 
n = 472 
L7. = 37 
y S^ =U82 
S - 39 
SIWALIK 
Cross - S t ro t i f l cation 
n » 235 
fly = ' 9 9 " 
LZ = 69 
S* = 2427 
S = 49 
S I W A L I K 
Cross — S t r a t i f i c a t i o n 
n « 44 
By =» 185 
L/. = 76 
/-v S « 41 
riQ. 10 cmvdttTc nose oiABiiAns cr a(os&.sTMnricAn&M n p 
AZIMBfilS AMD eRlCHTAnCII Lf PAHTIWG LlHEAnOIIS AT 
romATioM u v e u 
- 4a -
«t thm foriaitloii l«v«2« 
TlM • •e tor Biian linB «f th« flow v&rles l® %a I7ft^ 
• t tlw JloeaXlty l«v«l and 2^ t o 21^ at sector level* The 
grand veetor a»«n i s 12^« 
Vector Magnitude (^fi) varies from 16 to 96 peecent 
ana exhibit large acatterxng of the orientaticxi of parting 
l ineatlon at local i ty l e v e l . However* at the sector level i t 
range.5 fra« 22 to 78 percent. At the focnetion level i t i s 
37 percent. 
The variencfc of the parting l lneation orientation ranges 
from 461 to 2071 anc at fomation level the variance i s 1M2. 
MIDDLE SIKALIK FORMMIC ,^- In ccntrast to the Lower Siwalik 
the parting l ineation are l e s s abundant and Are confined to 
the lower part of the Middle Siwalik roraation. M we go 
h i f ^ r Mj in Uic sequence the frequency of the parting 
liaeatic»n i s markedly decrease.272 laeasureaoents were recorded 
at 20 l o c a l i t i e s ox 3 sectors (D«B and f ) in the Middle 
Biwalik. 
nie orientaticm of parting l ineation exhibit vnioKidal 
t o MLondal distribution at dif £exent l o c a l i t i e s * The 
distribution i s biaodal in B and )^  sectors and uniiiodal in O 
tfector as well as t t formation level* 
• 43 -
Th0 vetor m»an Xinm of flow r«ng»fl between 8^ t o 
177^ at sector level* and i t Is 17 at format 1cm l e v e l , 
The vector niagnitude ranges from 28 percent to 96 
percent at loca l i ty level showing scattering cf parting 
l lneation from local i ty to l o c a l i t y . At secn^or level i t 
m«ries from 4&«96 to 53 percent ai^ at formaticm level i t 
i s 30 percent. Indicating the scattering decreases when data 
are lumped together«. 
The varienct^ x&nges from 1010 to 1320 at sector linrel 
and at formation l<evel i t is 1115. 
nMAEOCURREMT RECGHSTRUCTICH 
The pelaeocurrent pat terns worked out f o i the 
Siwalik rocks of th^ r study area are based (nainly c^ . a regional 
study of dip aslmaths of cros&->strati£iCAtlon (Flg^S) but 
hovc been 6u&ple«»ruti.d with data reeorc^ed fro« the na&curementa 
of l inear structures* such vt parttag l iaeat ion . rurthar* 
<rridence in support of the ooael««iott that the pris»ry 
stcmeturas on irtiich t h i s study la baa«d ware forasd aidoaquously. 
was preseatad in an earl lar chaptar (Ch^j^ar^XZ). Zt failoM* 
thaxafosa* t t e t their .loxphology and spat ial ^rimitaticn 
zaf l e c t the Mtura and batevioux of the watar curraats la 
the baaia of d^oait ioa* aad liaaca« are itaafal ia aatabli^iaff 
the palaaoalopa and ia daeipliariag the plif*i«al a«d gaoiiogpfcl* 
Wiqimm* a and $ murmmsiMm th* palMoeiirrrat dftta 
pal—oowficsat dirsction* cNataiiMid fromaach indi^ pcndMint l ina 
of Bppt&B^ch i» c laarly dl«c«rnibl«. 
During thm deposition of the rocks of the l«ow«r SiwaXik 
Formation curr«at mcnrmd parallax to the asi<nuth c£ 16S^ aa 
obtdinao £tom tha dip azitrnth oi croa8*atrat«i. By and larga* 
the aa«-Tie palaaocurrent dirctction ia dipictad when orientation 
of parting l lneetion (12** • 192**> were t,&kmi into account. 
BKoaa^V sptmkixig palaeocurrent taoved £ron» north to south 
during Lower Sival ik. In liiciula oiwalik «orifl& i^o^ M tha 
corralaxioQ between dip-asi-outh ol' crosa-ctrata (199^J and 
orientation of part ies l incation (17^ •> 197^) la nearly perfect 
and dbuviatee a l i t t l e * iiearly* the aaoia palaeocurxant direction 
JD o^|lba^ 4B|id tiiMi t||ie orieatatioa eC ehennel sandstone 
(196^ • 204^} weire taksn into accoimt (tatale^Xl). All 
anr&ilaJBle Xiims of erideaee^ t}i«rc£oce« Ctt99eet« that during 
t ^ dt|)o»iti«n «f Middle Sivnlik roclw tlie eurreitt aovod in 
a soothiiiw—t dijreetien* tlyrougli ou^ ttm acn*. M^ougli there 
appettcs tn have been « syeteMtic sh i f t ia • peleeocurreui 
dicectioB f s w IiOMnc ftlnnUk (!•$*!> t o Niddm ftivelili (IM*!), 
but tbi eaouet oC sh i f t i s so soaXX that on the wholn* ths 
•iwelilK i t i i t n t a wmy kn vwmiiJmwmA t o posoos • 
• 4S -
eonsistmit palatoourrent dixvetlon through spftcc and tiam* 
K sottthsrly 4ir«etlon oC ••diiwnt tranasiort i s indleetsta 
throughout the d«po0itlon of th« thick p i l e of Siwalik sodinMiiits 
of the st'ady area* 
Tfm cc«i8iatancy and uniformity o£ ptil^^ocurrent 
direction in the Siwalik ««dirnents throu^ spac« and tinia, 
suggest, that in a i l prcbabllity, local currents were not 
very effect ive during aedliientation ano have been deposited 
under the inflaenc«r o£ conaistfintly southerly raoving currents 
indicating the regioaai slope during iiiwalik aedimantation 
was southward* 
PRCVENANCE 
C3n auiwuariairg the r e s u l t s of petrogrsphic and palaeocurrent 
annlystts* i t 1G p o s s i b l e t o give »one id«3 regaarding ca-Tiqpoeition 
4HBd locntlcA) oS the- w-rcverMCCc. 
iKriaMMMac mvimmm,^ »»«x«graphic •VIOAHCM such as tyyM 
of tetritsl qtmrtm {Mxymiam, i9«0r Conolly* if«Si Moss^ltifr 
Blatt . 1967), rook frsgiwnts (Golk* 1961* » 6 8 | Mien* itCIi 
9mttLS<3»m e t . sX . , 1973}« fslcbqpar (Mimtsiki, 19S9| folk, 1961| 
PittoHA* 1963) and h e « ^ ainoral sp^eiss (Vsn Aiulsl, 191^1 
Miibsvt, IftfO) «x« tsksn as critttc-ls t o dstMRaine the oaiposition 
of tht prorsnsiwi* 
Ul Bifital, CMwit«*« titt iMmi^MX %mm%m gr^ns as* 
- 4« -
XvyniM, 1940« 194e(b), Bl«tt and ChrUtic^ I t i i i OoMl4son and 
Jaeksoa* 19iSf Conolly, 19«S| Bl«tt» 19ft7). The eharactsrs 
•liCh •« ttlongitad inc»ioeryst«illn« grains showing hi^ ;^ dagraa 
of unduloaa axtinction^wavy axtinction* iaclusionad quartte* 
pollyCcrystalline quarts a t e , raveals that (aataoiorphic rocks 
(Tabla-VZ). Howaver, thair charectars such as quarts grains 
showing straight to s l ight ly undulose sixtinction* inclusionad 
quarts (richness of l iquid and gas incliasions)* highly 
rounded and frostad quajrtz* chalcadonic forms of s i l i c a (chart) 
a t e . also indicate that they were also contributed from 
i^eous and sedinnentary rocXs, 
Lower Siwalik sandstones contain M&iniy netamorphic 
quarts grains with subordinate Igneous and sedimentary qxiarts* 
Xo contrast to I«ower Siwalik sandstones, the Middle Siwalik 
sandstones have s ignif icant eo«itribtttion from igneous rocks 
(Tabla*VZ). 
The study of the shape of detr i tc l grains (LengtV 
Britadth ratio) also advocate that Lower Siwalik sedlaMita 
w»r« SMinly tfMrivad f rois (ostaiaorphic terrain and Middl* 
Siwalllc MMiLwwta has a «ixad source of matamorphic and 
\ 
(b) Roek fg>ypwi|if «* Vft* xoek fragnants ara domlnently of 
awtanoKi^hic (vmlm in botli ^M$mtmmti«fDm and ara rapresantad 
bir diffwwift vtftetiM «i w^mmm mm ^krUitM with «i«vteit*. 
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Tbm bulk of rock ttm^imnt eoiapomltioa a€ the IfOwvr ftlwallk 
••adaton* iii4ie«tti that th^ «wr« thtt preduet of an i n l y s c h i s t 
•nd phyll l t ft «ft iK>r« th«B 79^ o£ the rock f caginent prvMmt 
in them were d i f f e r e n t types of s c h i s t s and p h y l l i t e . Ths 
other rocK fragcmnta are sandstone and gneisses* The Middls 
ftlvelik sendstones have a v a r i e t y of rork frngnients iris 
d i f f e r e n t types of s c h i s t s and p h y l l i t e , quartz i te^gneisses* 
liax;£tone« chert , b a s a l t , d o l e r i t e and sandstones. The s c h i s t 
and p h y l l i t e fra^gme'-ts ere by far the naost abuntent rock 
fragments present in the Midale Siwalik st-ndstones as they 
contribute 4C t o 70 percent t o the bulk ot rock fragtoents 
present . The tt^q-mms of igneous rocks (basa l t , d o l e r i t e ) , 
and sediAentary roc tog ( l imestone, quarta i te ) a r ^ l a o noted. 
This indicate noixture c^ oetamorphic, igneous and sedimentary 
rocks in the scnarcs area, 
( c ) Veldapar.*- Feldapf,r contend of th«; Si>..'5li}c sandstones 
cocTGlwrates th« e a r l i e r infertnct that tha La^er SiwaiiK 
•a^^astooos vere dsrived r«&inly from metaracMTphic source « • 
iwra«i«d by the nuioerous miiuiral inc lus ion e s p e c i a l l y epidoto 
contftining foldspars in them (Pettijohn* ISSIj^. 126}* l!oMCV«r# 
the mnturs, cuaracters am& v a r i a t i e s of fo ldspar present l a 
Ni^^lo a iMi l ik sancistcmM indlcata that they were a l s o dsrivod 
from mOA tgaooias rock (proooaeo of potash fe ldspar) as %faXl 
<d) lOiCa** Hiea niiMrals ps—mnt in th« ftiwalik sandstonM wmxm 
•ISO eorrol»or«t«s with ••rliMr ci t«d inf«i«nc»s that Siwalik 
•w^UitonMi 4uni <lMriv«d from aBtMncpliie roeks. Protebly 
schis t «id phyl l i t* cc»trilMit«d nudi off th« ds tr i t« l mics to 
th«s« s«dimsnts. The dkxainanco of bioti^s in Middle Siwelik 
sandstones indicate that some of the b iot i te nay be derived 
from pegmetites. 
(e) Heavy minerals.- The heavy mineral study give much more 
inf orraat ion regarding the source rocks and has long been cmisidered 
as a guioc: to the prcxrenance (Milner^ 1926/ p. 101; doowell* 
1933, p. 47), The heavy nineral assemblage of the Siwalik 
sandstone consists ot garnet, tourrnailne* ru t i l e , staurolite« 
kyanita, epidote, '<:^ xrcan, apatxre, spinel and opaque nii^rals* 
Ihe. heavy ntlneial suxt^ Inoicate thut the Lower Si%falik 
ttMwrtstones were oexxvea ivmuily from netanorphic terrain as 
iitdieated by the presence oi very slender idioraorphic prisisatic 
grains of tourawiline* long and sieoder needle shaped rutile« 
s t suro l i t e , epidote e t c . Ttat heavy -nlneral asseiitblage of ths 
Middle ftiwalik aandst&nes in&icate that in addition to 
sMtaaerphic rocks« igneous and aediti^Tvtaiy rocks were also ti«re 
s ignif icant contribution to these rocks as evident by the prmmmmm 
of %ixcotk» rutile* blue irregular tourmaline. Thm petrographie 
•t idiioi reveal that Lower &iwalik rocks are derived tram 
aetaaiorphic rocks chief ly from schis ts and phyllftes with «iMNr 
e«iitrifeatiMi fcws Igatom and Mdisisiitary rocks. Hmmwmx, thm 
MiAOlm ftiwftllk ••tfiownts had • ttiawd aouxc« of iMtmoxphie 
•Ad Igsaous roelui with »apiplmtmntmty ewitribution frooi 
••dinastttry and «ata aadiowataxy roeka* 
PALftSOCURRENT EV20EMCS . . Palaaocurrant atudy of tha araa 
(rigs. 6 and 9)« auggeats that tha aadimanta of tha X^ oifar and 
jUddla Si\«allk rormation wara tranaportad in tha aouth-aouth 
ir#astarly direction« indicating a provananca aituatad to tha 
ncrth and northeast of the area. The consistancy and uniformity 
of the pcXaeocuxxent direction in the ;Siw'^lik aedlttents throu^ 
apace arnc tiTie further suggest a that the itore or l%aa tha aama 
souxce rocks supplied the detritus to the basin throu^out 
the couTiSe of deoc^itJon o£ the; i*ow€r .-^ noj^ Slv*<alik FomiBtiona* 
Ih«' rocks expostio tc the ncitn cnc northeast of the 
atudy area ar»i of ^^re-lertiary age. The Pre-'Xartiary rocka 
are co««>riaad ot unoiiiierantiatad achiats* phyllitaa« alataa, 
grajfcitaa* qvtartsitaa, iimeatonaa* gneissee e t c . There la 
strong evidence on the Jsaais of petrographic and paXaaocurraat 
atudii» that tha bsilk OT the Siwelik sedl i^enta perhapa %Mixa 
derived froa tha Central Cryatalline sona« HagthatjBlainl Krol 
and Infra^Hrol located to the nocth and nortlMaat of tha atudy 
araa* 
ClMipter *VZ 
trnpoaitiomh nrntummmM 
Th* ffiwallk Gro^p r ^ r « « e n t a ThicX seqia«co« of ^PP«r 
Tert iary medlrmntm mxpofd in a l inaar ba i t a l l alon? tha 
Him&Iaytin £ o o t - h i l l a . Such an enormous accuMMlatlon of 
sedicTents must have taken place under varylnq condit ions of 
depos i t ion through tirne and apace. Earl ier workers r e l a t i v e l y 
covering amall area und taking into considerat ion physical and 
chemical a t t r i b u t e s , h«*ve Ident i f i ed a nutibor cf depos i t iona l 
envircauw'n^s in which Slwalik aeciments were deposited (Pilgrim* 
1919| ^ascoe, 1920| G i l l , 1951; Swaminathan, 1961; Gansser* 1964/ 
Sa'nni and 'kthux, 1964; i-axene e t . a l . . 196»; 'Ta^.eon, 1972| 197«/ 
Chaud.hari, 1972, 1576; Prsocd, 1972; Pcndey, 1974; Misra, 197«| 
Banerjee end Benerjee, 1979; P~r^?th e t , a l . * 15SG aod BhardwaJ* 
1961), 
The <?€poniti .-.n^ X environ Ten I i^'Xoposf^c h®)T<c iXi t o explain 
the d ivers* l i t h o l c g i e s cf *hr S i v a l i k sedinwnts in the area 
of present inves t lq^t ior Js bas'^fi en the phyaicel and 
V'*oao«phic condit ions pre'/ei.lir.cr at the tima of a iwal ik 
sedinantat ion Uflg, U >• An integrated study of the tesetural* 
s t n s e t u r a l and coii|>o8iticnal c h a r a c t e r i s t i c s of the rooks 
permit an evaluat ion ot the emrironiaant of sedimentation. 
Vh» setfiMsntary structt ires and the s t r a t i g r ^ h l c 
••quasMse ot: the study arMi sevea l var ied c c o d i t i o m oC 
A^peaition «f •iwIMi ••atisant«« Talnm as a «fhel*« tto* 
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nismmrmst thms^ ara • nundMir of e y c l s s , within •aoh foxiwtiott 
vlileh tegin with coarse sediioents and «nd with the £ii i««, 
flMi ftiinaik rocks in the study arcs nsay bs divl6«d i n t o throa 
rathar unequal un i t s cl l i t h o l o y y , badding characters* ecdimantary 
structur«c and t e x t u r e , 
.aedimeni:alogically/ the e n t i r e Siwalik sequence 
represents the continuation of 8edi'»»ntation through t ine and 
space . The coarsening o^ : the 8«sdiiKtints upinard i s characteriaad 
of the de l ta cyc l e generated by the progradatlon of the d e l t a 
(Ferrn, inOt l^Uiot , 1974/ Giaeaer, 1974; ^ettijohn, 1975; and 
Miail , 1976 i . 
X«ower Si%«lik Fornation.^ ^^ecliroentologically, the Lower Siwal ik 
Formation axe c l iv i s ib le ir.to two u n i t s . 'iThe lov«est unit i s 
about 360 m th ick and coMt^rls^a th in ly lai&inated f i n e s i l t 
and c l a y ii'lg, l l A ) . iha taickntt.i6 a£ tii*i inuividudl iaminaa 
ranges hatwi^ea 1 m^ .^o 5 am anU css^ be txacca fox i^eveial .Miteara 
l a t e r a l l y v<ith<;>ut Lco&Uig t:heir i d e n t i t y . Lio sedimentary 
9t£ijo1s»M% i s d i scern ib le at t h i s part of tha sequence • 
OCKaaiQMalXy very f ine sandstone i s prsant . This f i n e s i s e 
«^ t ^ d a t r i t u s ano the p e r s i s t a n t natura of tha laminaa 
iMdicata tiiat tha aadiments ware l a i d denm in qu ie t waters* 
• e a t pTBlitftoiy fram suapeaaioe* Thaae d iaracters are coasic^raA 
tjfpleal 9M psm-^^mltm eznriroBiamt (farm« 1970; Qlasers# 1974i 
^^^ ^^^^^^^ aHriliiiilMia« ^MI anMlli i lft ti^kutm ilartiMftaail lar 
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suap«nsion in th* quic t water below wave base . 
The next wait la about 6S0 m th ick conpoeed of c l a y 
and s i l t with intercalat iona of very f ine sandstone (Fig. 11 a)* 
In the (J|>p«li part of t h i s unit the sand content increas<es and 
are characterised by crcss-s trast i f led uni t s snowing oimodal 
f ore se t azirouthaL d i s t r i b u t i o n . Ths strong ttho&iing currents 
were developed during "his ^>eriod tvhicn <ja.ve xxae to tind 
formation of the occas ion?! c r o s s - s t r a t i f i e d s t r e t a . I h i s un i t 
reserrJblts with tne delccj rront dfrditHcutd (A:rui» 1970; Gi^.e£,1974; 
Miai i , 1976). 
Midr'lf .Si-.;,-ill\ Porr^^lon.- ^y «nd Inrcx* the '"Idile Siwa.liX 
which foms the \jppermost =om'.?'+ion of the Biw.-'3i'k. Bedi-nents 
ir. thT. n*:u''y crea i s i^ .ore coarse grained then the underlying 
sediments . There i s frequent development of c r o s s - s t r a t i f i c a t i o n 
in the lower part of the Middle S iwal ik . Hcwever higher up 
in the sequence* t h i s un i t i s dominated by the ch^innel 
e ^ r a d a t l c n s and large s c a l e cross«.strat i f i ca t ions (Fig . 11 fi)« 
The lower pert of the unit c o n s i s t of plsnar c r o s s • s t r a t i f i c a t i o n 
ar.tl the up.7>er part c o n s i s t of trough c r e s s - s t r a t i f i c a t i o n * 
The sandstone at the upper part i s very coarse grained und 
pebbly . The pebbles are oriented along f o r e s e t s of croaa** 
s t r a t a . Moreover, a t the i^per mo«t part of the unit« the 
channel sand bodies arc a l s o cfln^ikruous lAiich show latoraX 
migration of tho choanol ( f i«* SK Vhia u n i t ropcoooat tlm 
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braided streaui dmpcmii.» which sh i f t aa Xat«r«lly (Sum t o t h « 
deatructic«is_l pha»© of the d» l t a (Serutflo^ 1960> MlaJLX« l f 7 f } . 
The liK:r«a8e in tlte grain sisse W^SOB from bottom t o 
top# birnodal d i s t r i bu t ion of the £ores«t azitnuths and sedingentary 
strxiciares auggest that, thfc {»iwaiik sedimpnts of the Jamrani 
area continued to form as the aediment laden r i v e r s j>a&»ad 
over the etiergent surtaces and deposited clay* s i l t and f ine 
send in a s e r i e s of de l t a lobes as the es r ly Hi-aal.iys/i r ivera 
sh i f ted t ne i r posi t ion l a t e r a l l y . Th** l a t e r a l s h i f t v<-2 
pror.infcr^t ano was not acronflpaned by significant. ?onth wnrd 
proQradavion of the d e l t a . H*»nc6, the ccnbinf '^^  proceas of 
progradaticari ano l a t e r a l sh i f t of the s t r o - i tii'3tcr\'i^ pj;och4C©d 
t h i s f l uv io -ds l a t i c complex. 
COHClitSZGNI 
TlM ftiwalilc rocks la Juunuii area occur at tho foot* 
hilla of tho HiJialayas and are r«pres«nta<S by Lowor and 
Niddla Siwalik FomntioBS with a total thiolcaaaa of 3070 a. 
Takon as a whola« tha axpoaad Siwalik soq^anca ahowa ganaral 
upward coaraaning of tha aadimanta alaa. Tha Siwalik 
sadimanta ara eoai^ risad of f ina a lit and clay with Intarcalatlona 
of vary fine aandstona in tha Lowar Siwalik Formation and 
nadium to coarsa grainad sandatona in Una Middle Siwalik 
ForaatioR. Parting linaationa ara well developed in the fine 
grained sandatonea of the Lo%fer Siwalik Fomation whereaa 
planar and trough typea of crosa-stratlficationa and channel 
aandbodiea characterise the Middle Siwalik Forastioii. 
The Siwalik aedinwnta of the study area are texturally 
moA nineraloglcally imnature. Mean grain aise ranges from 
l*f6 p to 3.16 p and 1.64 fi to 2.74 p for the Lower and 
MlMa.e siwalik aandstones respectively. The skewness valuea 
att^ gest that tlMse sedlnents are syanetrlcal to positively 
skeiiad. The LoiMir Siwalik aandstones are SNidarately sorted 
•Bd tlis Middle ftlwallk sandstones are poorly to nodervtely 
sorted* Ijy and largn* ths detrltal grains of Lowor Siwalik 
aaadstOBMi are anfiiXer to subrounded and those of Middle Siwalik 
manraX OMpasltloB of tlie frans work eonstltnents is 
fen IttS ••••mill of both tun 
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though ttmxm la diff«s«iie« in th« r«latiT« anount of eoaont 
tanA niBtrix. Tho eonant la con|>riaad o£ carboiiata« iroiMiKida 
ai»3 elay oiiwrala* darolopad Mainly in Middle Sivaiik sandatonaa. 
Zt la o£ aocoodary origin formad ahortly aftar the deposit loo 
of the claatie grains. Matrix ia unequally diatritauted in 
both the formationa though it ia more abundant in Lower dlwalik 
sandatcmea and is generally of poat depoaitional origin* 
Evedently« litharenitea are by far the looat connon t^pes 
aiaong the Kiddle Siwallk sandstones and vackes are comncn in 
Lower Sivaliks. Heavy minerals in Slvalik sediments show a 
preponderance of garnet* tourmaline, and nica; other species 
like epidote^ rutile« staurolite, zircon and kynite occur in 
S>DB11 amount. 
The palaeocurrent patterns worked out suggest that 
the local currents %«ere not very effective during the aadimentation 
and Siwallk aadioMnta were dapeaited under the influence of 
oonaiatantly aoutherly moiring ourrenta* indicating a aouttaward 
regional alope. Coiapoaition of franaawork conatituanta and 
aeeaaaory heavy mlnerala provida avi<tonee of mainly mataoKixphie 
aource for Lower Si%#alik and of miacad ooi^ ;>08itlon for Niddio 
ftivalik aediaanta palaeocurraat atudy loeataa the prcKreoanca 
eoncluaively towarda vvorth and nutihaaat, Zt ia auggaated 
the aadimanta of the etody: arfea:perhaps- ^^xm dsurivad 
largely from ^antral ^ ryatallina aona, Nagthat^Uaiai* Krol 
asA ittlra-lwol ImmtmA to the aortli and aerthaaat of thagivOB 
Thm l i tho logica l MMoclationSf ••dia»iit«ry •truetwr»«» 
•tr«tigrigphle«l ••qiMBc«c« palMoeiarrent prnttmstm and 
twt^ural and rftinaraloglcaX analyaas ol tha Siwallk sadirmiRta 
<^ tha araa under atud^ auggaat variad ecmditiona of dapoaitlon* 
TiMi i&creaaa in gr&in alsa from bottom t o top* biraodal 
diatribution d foraaat aaimutha and aadimentary atructuraa 
auggeat that tha Slvnailik sadlnenta of the •^ anuriinl ar«a ccotlnuad 
to f oon aa tha aadimant ladan rivers paaaed otrar the aisergent 
aurfacaa and depoaited clay* a i l t and fine aanda in a aariaa 
€^ delta lobaa as the early Himalayan rivers shifted their 
poaition la tera l ly . The lateral shi f t was prominent and waa 
not accon¥>anied by sigtiif leant southward progradaticdi of 
delta* Hence t.he combined processes of progra<3^tioR and 
lateral sh i f t of the stream systems produced th is claaaical 
f luirio-deltai^ con«>lax« 
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